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About  two-thirds  of  Illinois  lies  in  the  com  bdt,  where  most  of  the  prairie 
lands  are  blac^  or  dark  brown  in  color.  In  the  southern  third  of  the  state^  the 
prairie  soils  are  largely  of  a  gray  color.  This  region  is  better  known  as  the 
wheat  belt,  altho  wheat  is  often  grown  in  the  com  belt  and  com  is  also  a  commcnx 
crop  in  the  wheat  belt. 

Moultrie  county,  representing  the  com  bdt;  Clay  county,  which  is  fairly 
representative  of  the  wheat  belt;  and  Hardin  county,  which  is  taken  to  repre- 
sent the  unglitciated  area  of  the  extreme  southern  part  of  the  state,  were  selected 
for  the  first  Illinois  Soil  Reports  by  counties.  While  these  three  county^soil  reports 
were  sent  to  the  Station^s  entire  mailing  list  within  the  state,  subsequent  reports 
are  sent  only  to  those  on  the  mailing  list  who  are  residents  of  the  county  eon* 
cemed,  and  to  anyone  else  upon  request. 

Bach  county  report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is 
practicable  to  make  it,  and,  even  at  the  expense  of  some  repetition,  each  will  con- 
tain a  general  discussion  of  important  fundamental  principles,  in  order  to  help 
the  fanner  and  landowner  understand  the  meaning  of  the  soil  fertility  invoice  for 
the  lands  in  which  he  is  interested.  In  Soil  Report  No.  1,  **Clay  County  Soils,** 
this  discussion  serves  in  part  as  an  introduction,  while  in  this  and  other  reports 
it  will  be  found  in  the  Appendix ;  but  if  necessary  it  should  be  read  and  studied 
in  advance  of  the  report  proper. 
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CHAMPAIGN  COUNTY  SOILS 

By  CYBIL  G.  HOPKINS,  J.  G.  MOSIEB,  E.  VAN  ALSTINE,  and  F.  W.  GABBETT 


Champaign  county  is  located  in  the  east-central  part  of  Illinois,  about  22 
miles  from  the  Indiana  line  and  140  miles  from  the  north  end  of  the  state.  The 
cotmty  is  approximately  36  miles  long  and  27  miles  wide,  and  contains  988  square 
miles,  of  which  99.7  percent,  or  all  but  three  square  miles,  is  tillable  land.  Not 
all  of  this  tillable  land,  however,  has  been  put  under  cultivation,  some  areas  being 
still  undrained  or  uncleared.  In  topography  the  land  varies  from  flat  to  slightly 
rolling,  with  a  few  small  areas  along  streams  that  are  too  steep  to  be  cultivated. 
The  difference  in  topography  is  due  to  two  causes — glacial  action  and  stream 
erosion. 

Champaign  county  was  covered  by  two  ice  sheets  during  the  Glacial  period. 
At  that  time  snow  and  ice  accumulated  in  the  region  of  Labrador  and  to  the  west 
of  Hudson  Bay  to  such  an  amount  that  it  pushed  outward  from  these  centers, 
especially  southward,  until  a  point  was  reached  where  the  ice  melted  as  rapidly 
as  it  advanced.  In  moving  across  the  country,  the  ice  gathered  up  all  sorts  and 
sizes  of  material,  including  clay,  silt,  sand,  gravel,  boulders,  and  even  large 
masses  of  rock.  Many  of  these  materials  were  carried  for  hundreds  of  miles 
and  rubbed  against  surface  rocks  or  against  each  other  until  ground  into  sand  and 
silt.  When,  thru  the  melting  of  the  ice,  the  limit  of  advance  was  reached,  this 
transported  material  accumulated  in  a  terminal  moraine,  a  broad  undulating 
ridge,  usually  with  a  steep  outer  slope  and  with  the  inner  slope  longer  and  more 
gradual.  The  width  of  these  moraines  varies  from  a  half  mile  to  three  or  four 
miles.  When  the  ice  melted  away  more  rapidly  than  the  glacier  advanced,  the 
terminus  of  the  glacier  would  recede  and  leave  this  material  deposited  some- 
what uniformly  over  the  area  previously  covered  by  the  ice  sheet.  The  glacier 
advanced  and  receded  a  number  of  times,  and  with  each  advance  another  moraine 
was  formed.  The  intervening  intermorainal  tracts  are  now  occupied  chiefly  by 
level,  undulating,  or  slightly  rolling  plains. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Granites,  limestones,  sandstones,  shales,  et  cetera, 
were  mixed,  and  ground  up  together.  This  mixture  of  all  kinds  of  material — 
boulders,  clay,  silt,  sand,  and  gravel — is  called  boulder  clay,  till,  glacial  drift, 
or  simply  drift.  The  grinding  and  denuding  power  of  glaciers  is  enormous. 
A  mass  of  ice  100  feet  thick  exerts  a  pressure  of  40  pounds  per  square  inch,  and 
this  ice  sheet  may  have  been  several  thousand  feet  in  thickness.  The  materials 
carried  along  in  this  mass  of  ice,  especially  the  boulders  and  pebbles,  became  pow- 
erful agents  for  grinding  and  wearing  away  the  surface  over  which  the  ice  passed. 
Pre^acial  ridges  and  hills  were  rubbed  down,  valleys  were  filled  with  the  debris, 
and  the  surface  features  were  changed  entirely. 
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Plate  1. — A  Large  IiIuestone  Boui.der  that  Traveled  over  100  Miles  with  the  Olacieb 
Champaign  county  was  first  covered  by  the  Illinois  glacier,  which  did  its 
share  toward  leveling  the  region  and  covering  it  with  a  deposit  of  boulder  clay. 
After  this  glaciation  a  long  period  elapsed,  during  which  a  soil  now  known  as  the 
Sangamon  soil,  was  formed  from  this  glacial  deposit.  Later  a  large  part  of  the 
state,  including  all  of  Champaign  county,  was  covered  with  a  deposit  of  wind- 
blown material,  called  loess,  which  buried  the  old  Sangamon  soil  that  was  formed 
from  the  Illinois  glacial  drift.  The  loess  varied  from  a  few  feet  to  100  feet  in 
thickness,  but  in  this  county  it  was  probably  not  over  10  feet  thick.  A  new  soil 
was  formed  from  the  loess,  and  this  is  called  the  Peorian  soil.  After  a  long  period 
had  again  elapsed,  another  ice  advance  occurred — the  early  Wisconsin  glacier. 
This  covered  the  entire  county,  bringing  with  it  immense  quantities  of  material, 
which  buried  the  loess  and  the  Peorian  soil. 

The  deepest  total  deposit  of  boulder  clay  in  the  county  is  at  Champaign. 
where  a  boring  showed  300  feet.  The  thinnest  drift  so  far  found  is  at  Sidney, 
where  it  is  95  feet  thick.  The  average  depth  over  the  county  is  200  feet.  This 
includes  both  Illinoisan  and  Wisconsin  drift  and  loessial  strata.  Boulders  are 
quite  common  in  the  drift  and  some  are  very  large  (see  Plate  1).  A  few  miles 
southeast  of  Philo,  in  Section  4,  Township  17  North,  Bange  10  East,  a  very  large 
mass  of  limestone  occurs,  16  feet  square,  extending  some  distance  below  the  sur- 
face. Other  large  masses  are  found  in  the  same  region.  The  Shelbyville  moraine 
marks  the  outward  limit  of  the  early  Wisconsin  glacier.  The  Peorian  soil  which 
was  buried  by  the  last  glacier,  is  found  at  depths  varying  from  60  to  100  feet. 
The  Peorian  soil  itself  varies  from  black  soil  to  compressed  peat  or  muck.  No 
rock  outcrop  occurs  in  the  county. 
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The  Wisconsin  glacier  advanced  and  receded  several  times,  each  advance 
forming  a  distinct  moraine.  The  Cerro  Gordo  moraine  starts  in  this  county  near 
Mahomet  and  extends  into  Piatt  county  to  the  southwest,  southeast  of  the  Sanga- 
mon river.  This  is  probably  the  oldest  moraine  in  the  county.  The  Champaign 
morainic  system  crosses  the  county  in  a  general  northwest-southeast  direction. 
It  enters  the  county  north  of  Mahomet  at  the  comer  of  McLean  county.  It  di- 
vides at  Champaign,  one  branch  extending  south  and  the  other  southeast,  form- 
ing Yankee  ridge.  South  of  Sidney,  the  Yankee  ridge  divides,  forming  two 
ridges,  one  just  south  of  Homer  and  the  other  north  of  Broadlands.  Another 
very  high  ridge,  a  part  of  the  Bloomington  morainic  system,  crosses  the  north- 
east part  of  the  county,  extending  northwest  and  southeast.  Between  these 
ridges  are  broad,  flat  to  slightly  undulating  plains,  much  of  which  was  swampy 
and  has  been  artificially  drained. 

Physiography  and  Drainage 

The  altitude  of  Champaign  county  above  sea  levei  varies  from  860  feet  on 
the  Champaign  moraine  north  of  Rising,  to  about  630  feet  where  the  Salt  Fork 
leaves  the  county  northeast  of  Homer.  The  average  altitude  is  about  710  feet. 
The  altitudes  of  some  other  places  in  the  county  are  as  follows :  Block,  715  feet ; 
Bondville,  716;  Bongard,  678;  Broadlands,  680;  Champaign,  740;  Deers,  692; 
Dewey,  736 ;  Dickerson,  757 ;  Dillsburg,  750 ;  Fisher,  732 ;  Foosland,  734 ;  Giflford, 
810 ;  Homer,  661 ;  Howard,  741 ;  Ivesdale,  683 ;  Leverett,  736 ;  Longview,  674 ; 
Ludlow,  773 ;  Mahomet,  712 ;  Mayview,  686 ;  Ogden,  675 ;  Penfield,  725 ;  Pesotum, 
720;  PhUo,  737;  Rantoul,  758;  Rising,  734;  Sadorus,  692;  Savoy,  740;  Seymour, 
697 ;  St.  Joseph,  673 ;  Sidney,  672 ;  Thomasboro,  736 ;  Tipton,  673 ;  Tolono,  736 ; 
Urbana,  721. 

The  county  is  divided  into  six  drainage  areas,  as  follows: 

(1)  The  Sangamon  basin  (see  Plate  2)  includes  the  northwestern  part  of 
the  intermorainal  tract  between  the  Champaign  and  Bloomington  moraines.  This 
basin  is  drained  by  the  Sangamon  river,  which  breaks  thru  the  Champaign 
moraine  near  Mahomet.  The  Sangamon  drains  very  little  land  south  of  the 
Champaign  moraine  because  the  Cerro  Gordo  ridge  lies  just  east  of  the  river 
valley  and  cuts  off  any  streams  from  that  direction. 

(2)  The  Kaskaskia  basin  (the  southwestern  area)  is  drained  by  the  Kas- 
kaskia  river  and  its  tributaries.*  The  east  watershed  is  formed  by  the  outer  or 
west  ridge  of  the  Champaign  moraine,  the  Savoy  ridge,  which  extends  south  into 
Douglas  county.  In  Champaign  county  this  ridge  forms  the  divide  between  the 
Embarrass  and  the  Kaskaskia  rivers,  or  between  the  Ohio  and  the  Mississippi 
river  systems. 

(3)  The  Embarrass  (**  Ambraw*')  basin  (the  southeastern  area)  is  drained 
by  the  Embarrass  river  and  its  branches,  which  include  the  Black  Slough  and 
East  Branch.  The  latter  rises  in  Vermilion  county  near  Sidell  and  unites  vnth 
the  main  stream  about  three-fourths  of  a  mile  north  of  the  southern  county 
line.  To  the  north,  the  eastern  side  of  the  watershed  is  formed  by  the  Yankee 
ridge,  a  part  of  the  Champaign  moraine.  South  of  Sidney  the  ridge  divides 
into  the  Homer  and  Broadlands  ridges.  The  Broadlands  branch  forms  the  north- 
em  divide  of  the  East  Branch  of  the  Embarrass. 
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(4)  The  Little  Vermilion  basin  lies  between  the  Homer  and  Broadlahds 
ridges.  This  basin  is  drained  by  the  Little  Vermilion  river,  which  flows  eastward 
into  Indiana,  emptying  into  the  Wabash  river, 

(5)  The  large  Salt  Fork  basin  lies  between  the  Yankee  ridge  and  the 
Gifford  ridge,  a  part  of  the  Bloomington  morainic  system,  and  extends  from  the 
east  line  of  the  county  to  a  low  ridge  running  southwest  from  Bantoul  to  the 
Champaign  moraine  east  of  Mahomet.  This  drainage  area  is  comparatively  Sat, 
as  is  indicated  by  the  large  amount  of  black  clay  loam. 
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(6)  The  Middle  Fork  basin,  lying  in  the  northeast  part  of  the  county,  is 
drained  by  Middle  Pork  of  the  Vermilion  river.  This  stream  is  peculiar  in  that 
it  has  formed  considerable  areas  of  gravel  terrace. 

The  glacial  deposits  with  the  variable  beds  of  sand  and  gravel  furnish  the 
county  an  abundance  of  good  water.  Two  small  areas,  one  immediately  north- 
west of  St.  Joseph  and  the  other  near  Penfield,  furnish  flowing  wells. 

Soil  Material  and  Soil  Types 

The  early  Wisconsin  glacier  left  extensive  deposits  of  boulder  day  over 
the  county,  but  the  soils  as  a  rule  are  not  formed  from  this  material.  The  fine 
material  of  the  glacial  drift  was  reworked  by  water  and  wind  action,  resulting  in 
the  deposition  of  several  feet  of  fine  material  of  loessial  character,  and  from  this 
the  soils  were  formed.  Originally  this  loessial  deposit  was  very  likely  of  more 
nearly  uniform  thickness,  but  subsequent  erosion  has  removed  a  large  part  from 
the  more  rolling  areas,  where  the  loess  bow  varies  from  0  to  3  feet  in  thickness, 
and  increased  its  depth  in  the  lower-lying  land  which  received  the  deposit,  whei^ 
now  it  may  be  from  6  to  8  feet  deep. 

The  soils  of  the  county  are  divided  into  four  classes,  as  follows : 

(a)  Upland  prairie  soils,  rich  in  organic  matter.  These  were  originally 
covered  with  wild  prairie  grasses,  the  partially  decayed  roots  of  which  have  been 
the  source  of  the  organic  matter.  The  flat  prairie  land  contains  a  higher  amount 
of  this  constituent  than  the  undulating  or  rolling  prairie,  because  the  grasses  and 
roots  grew  more  luxuriantly  there,  and  the  higher  moisture  content  preserved 
them  from  complete  decay. 

The  upland  prairie  soils  include  some  areas  of  recent  timber  growth  where 
certain  kinds  of  trees  have  spread  over  the  prairie,  but  this  f  orestation  has  not 
been  of  sufficient  duration  to  produce  the  characteristic  timber  soils.  These  areas 
of  greater  or  less  width  are  found  along  the  border  of  most  timber  tracts,  so 
that  the  timber  actually  extended  a  little  farther  than  the  soil  type  would  indi- 
cate. A  good  illustration  is  found  in  Section  31,  southeast  of  Philo.  A  grove 
locally  known  as  Lynn  Grove  was  started  on  the  moraine,  and  altho  the  forest 
now  covers  120  acres,  yet  it  has  not  been  there  long  enough  to  change  the  char- 
acter of  the  soil.  This  indicates  that  several  generations  of  trees  would  be  nec- 
essary to  change  the  soil  type. 

(b)  Upland  timber  soils,  including  those  zones  along  stream  courses  over 
which  for  a  long  period  of  time  forests  once  extended.  These  soils  contain  much 
less  organic  matter  than  the  prairie  soils  because  the  large  roots  of  dead  trees  and 
the  surface  accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by  forest 
fires  or  suffered  almost  complete  decay.  The  timber  lands  are  divided  chiefly  into 
two  subclasses — ^the  undulating  and  the  hilly  areas. 

(c)  Terrace  soils,  formed  by  deposits  from  flooded  streams  overloaded  with 
coarse  sediment,  perhaps  at  the  time  of  the  melting  of  the  glacier.  Finer  de- 
posits which  were  later  made  upon  the  coarse,  gravelly  material  now  constitute 
the  soil.    Terrace  soils  were  generally  covered  by  forests. 

(d)  Swamp  and  bottom  lands,  which  include  the  flood  plains  along  streams 
and  some  small  peaty  swamp  areas. 
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Table  1  gives  the  area  of  each  type  of  soil  in  Champaign  county  and  its 
percentage  of  the  total  area.  It  will  be  observed  that  92.2  percent  of  the  area 
consists  of  upland  prairie  soil,  4.89  percent  of  upland  timber  soil,  .52  percent  of 
terrace  soil,  and  2.39  percent  of  swamp  and  bottom-land  soils.  The  accompany- 
ing maps  show  the  location  and  boundary  lines  of  every  type  of  soil  on  every 
farm  in  the  county,  even  down  to  areas  of  a  few  acres. 


Table  1. — Soil  Ttpbs  of  Champaign  County,  Illinois 


SoU 


Name  of  type 


Area  in 

square 

miles 


Area 

in 
acres 


Percent 
of  total 


(a)  Upland  Prairie  Soils  (900,  1100),  page  27 


9261 
1126  ( 

920? 
1120  \ 
1121 

928i 
1128  f 
1160 


Brown  silt  loam. 


Black  clay  loam 

Drab  clay  loam 

Brown-*gray  silt  loam  on  tight  clay 
Brown  sandy  loam 


720.00 

176.47 

9.58 

4.11 

.87 

911.03 


460  800 

112  941 

6  131 

2  630 

667 

683  059 


72.86 

17.86 
.97 
.42 
.00 

92.20 


(b)  Upland  Timber  Soils  (900,  1100),  page  36 


934/ 
1134  ( 

935  t 
.1135  ( 
1164 


Yellow-gray  silt  loam . . . 

Yellow  silt  loam 

YeUow-gray  sandy  loam. 


45.16 

3.06 
.11 

48.33 


28  902 

1958 
70 

30  930 


4.57 

.31 
.01- 


4.89 


(c)  Terrace  Soils  (1500),  page  44 


1527 
1536 
1560 


Brown  silt  loam  over  sand  or  gravel 

Yellow-gray  silt  loam  over  sand  or  gravel 
Brown  sandy  loam 


2.41 

2.71 

.07 

5.19 


1542 

1734 

45 


3  322 


(d)  Swamp  and  Bottom-Land  SoUs  (1400),  page  45 


1454 
1401 
1402 


Mixed  loam 

Deep  peat 

Meoimn  peat  on  clay 


Total. 


23.43 
.14 
.03 

23.60 
988.15 


14  995 

90 
19 

15  104 
632  415 


.24 
.27 
.01 


.52 


2.37 
.02 
.003 

2.39 
100.00 


THE  INVOICE  AND  INCREASE  OF  FERTILITY  IN  CHAMPAIGN 

COUNTY  SOILS 

Soil  Analysis 

In  order  to  avoid  confusion  in  applying  in  a  practical  way  the  technical 
information  contained  in  this  report,  the  results  are  given  in  the  most  simplified 
form.  The  composition  reported  for  a  given  soil  type  is,  as  a  rule,  the  average 
analysis  of  many  soil  samples,  which,  like  most  things  in  nature,  show  more  or 
less  variation ;  but  for  all  practical  purposes  the  average  is  most  trustworthy  and 
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sufficient.^  (See  Bulletin  123,  which  reports  the  general  soil  survey  of  the  state, 
together  with  many  hundred  individual  analyses  of  soil  samples  representing 
twenty-five  of  the  most  important  and  most  extensive  soil  types  in  the  state.) 

The  chemical  analysis  of  a  soil  gives  the  invoice  of  fertility  actually  present 
in  the  soil  strata  sampled  and  analyzed,  but,  as  explained  in  the  Appendix,  the 
rate  of  liberation  is  governed  by  many  factors.  Also,  as  there  stated,  probably 
no  agricultural  fact  is  more  generally  known  by  farmers  and  landowners  than 
that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at  the  same 
time,  prepared  the  same  way,  planted  the  same  day  with  the  same  kind  of  seed, 
and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by  the  same  sun, 
nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as  the  poorest  acre 
on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the  fact  should  be  re- 
peated and  emphasized  that  the  productive  power  of  normal  soil  in  humid  sections 
depends  upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at 
which  it  is  liberated. 

The  fact  may  be  repeated,  too,  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is  abso- 
lutely essential  for  the  growth  and  formation  of  every  agricultural  plant.  Of 
these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured  from 
the  air  by  all  plants,  only  one  (hydrogen)  from  water,  while  seven  are  secured 
from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the  soil  by 
all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants  (legumes)  in 
case  the  amount  liberated  from  the  soil  is  insufficient.  But  even  the  leguminous 
plants  (which  include  the  clovers,  peas,  beans,  alfalfa,  and  vetches),  in  common 
with  other  agricultural  plants,  secure  from  the  soil  alone  six  elements  (phos- 
phorus, potassium,  magnesium,  calcium,  iron,  and  sulfur)  and  also  utilize  the  soil 
nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period  of  growth. 

Table  A  in  the  Appendix  shows  the  requirements  of  large  crops  for  the 
five  most  important  plant-food  elements  which  the  soil  must  furnish.  (Iron 
and  sulfur  are  supplied  normally  from  natural  sources  in  sufficient  abundance, 
compared  with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to 
limit  the  yield  of  common  farm  crops.) 

In  Table  2  are  reported  the  amounts  of  organic  carbon  (the  best  measure 
of  the  organic  matter)  and  the  total  amounts  of  the  five  important  elements 
of  plant  food  contained  in  2  million  pounds  of  the  surface  soil  of  each  type  in 
Champaign  county — ^the  plowed  soil  of  an  acre  about  6%  inches  deep.  In  addi- 
tion, the  table  shows  the  amount  of  limestone  present,  if  any,  or  the  soil  acidity 
as  measured  by  the  amount  of  limestone  required  to  neutralize  it. 

The  soil  to  the  depth  indicated  includes  at  least  as  much  as  is  ordinarily 
turned  with  the  plow,  and  represents  that  part  with  which  the  farm  manure, 
limestone,  phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incor- 
porated. It  is  the  soil  stratum  that  must  be  depended  upon  in  large  part  to 
furnish  the  necessary  plant  food  for  the  production  of  crops,  as  will  be  seen  from 
the  information  given  in  the  Appendix.  Even  a  rich  subsoil  has  little  or  no 
value  if  it  lies  bcQeath  a  worn-out  surface,  for  the  weak,  shallow-rooted  plants  will 

*For  types  of  very  limited  extent,  or  of  quite  variable  character  ("mixed"),  only  one  set 
of  samples,  or  samples  representing  only  the  most  common  phase,  may  be  collected  for  anal- 
ysis, and  such  analyses  have,  of  course,  less  application. 
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be  unable  to  reach  the  supply  of  plant  food  in  the  subsoiL  If,  however,  the  fer- 
tility of  the  surface  soil  is  maintained  at  a  high  point,  then  the  plants,  with  a 
vigorous  start  from  the  rich  siirface  soil,  can  draw  upon  the  subsurface  and 
subsoil  for  a  greater  supply  of  plant  food. 

By  easy  computation  it  will  be  found  that  the  most  common  upland  soil 
of  Champaign  county,  the  brown  silt^oam  prairie,  does  not  contain  more  than 
enough  total  nitrogen  in  the  plowed  soil  for  the  production  of  maximum  crops 
for  nine  rotations  (36  years). 

With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  this  most 
important  upland  soil  of  the  county  containing  no  more  of  that  element  than 
would  be  required  for  fourteen  crop  rotations  if  such  yields  were  secured  as  are 
suggested  in  Table  A  of  the  Appendix.  It  will  be  seen  from  the  same  table  that 
in  the  case  of  the  cereals  about  three-fourths  of  the  phosphorus  taken  from  the 
soil  is  deposited  in  the  grain,  while  only  one-fourth  remains  in  the  straw  or  stalks. 

On  the  other  hand,  the  potassium  in  this  common  soil  type  is  sufficient  for 
28  centuries  if  only  the  grain  is  sold,  or  for  more  than  400  years  even  if  the  total 
crops  should  be  removed  and  nothing  returned.  The  corresponding  figures  are 
about  2,400  and  550  years  for  magnesium,  and  about  10,500  and  250  years  for  cal- 
cium. Thus,  when  measured  by  the  actual  crop  requirements  for  plant  food,  potas- 
sium is  no  more  limited  than  magnesium  and  calcium ;  and,  as  explained  in  the 


Table  2. — ^Fbbtilitt  in  thb  SohiS  or  Champaign  Countt,  Illinois 
Average  pounds  per  acre  in  2  million  pounds  of  surface  soil  (about  0  to  iS%  inches) 


Total 
organic 
carbon 


8oil 
type 
No. 


Soil  type 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 

potas- 

sium 


Total 

magnc' 

sium 


Total 
cal- 
cium 


lime- 
stone 
present 


Soil 

•  •• « 

present 


Upland  Prairie  Soils  (900, 1100) 


926/ 
1126  i 

9201 
1120  f 

928i 
1128  ( 
1121 
1160 


Brown  silt  loam. . . 

Black  clay  loam. . . 

Brown-gra]r  silt 
bam  on  tight  clay 
Drab  clay  loi&m... . 
Brown  sandy  loam . 


56160 

4  670 

1060 

35  430 

9  550 

10  680 

73620 

6  750 

1780 

34  060 

14  410 

18  330 

Often 

38860 
55450 
29540 

3  630 
5220 
2  520 

1140 

1460 

840 

29  930 
37  040 
26  840 

6040 

14  920 

4060 

5080 

16  560 

6560 

Often 

40 
Often 

670 
Often 
.  120 


Upland  Timber  Soils  (900, 1100) 


934  1 

1134  i 
935/ 

1135  \ 
1164 


Yellow-gray  silt 
loam 


Yellow  silt  loam . . . 

Yellow-gray  sandy 
loam 


25200 

2  350 

930 

35  070 

6650 

7  430 

17360 

1200 

860 

35  320 

5500 

6480 

20020 

1340 

740 

29180 

3440 

5900 

30 
20 

20 


Terrace  Soils  (1500) 

1536 

Yellow-gray  silt 
loam  over  sand  or 
tcravel 

23880 

41960 
69660 

2  190 

4020 
6  220 

1090 

1  180 
1600 

36  440 

36  300 
31  100 

6540 

8180 
6  720 

6  670 

7860 
11220 

50 

1527 
1560 

Brown  silt  loam 
over  sand  or  gravel 
Brown  sandy  loam . 

40 
20 

Swamp  and  Bottom-Land  SoUs  (1400) 


1454 
1401 
1402 


Mixed  loam 

Deep  peat^ . .  . . . 

Medimn  peat  on 

clay* 


61840 
258990 

198200 


5  530 
24  510 

17  010 


1660 
1370 

840 


41570 
7  950 

13  080 


17  720 
6  310 

6  310 


23  400 
72  180 

16  370 


102180 


Often 


40 


Amounts  reported  are  for  1  million  pounds  of  deap  peat  and  medium  peat. 
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Appendix,  with  magnesium,  and  more  especially  with  calcium,  we  must  also  con- 
sider the  fact  that  loss  by  leaching  is  far  greater  than  by  cropping. 

These  general  statements  relating  to  the  total  quantities  of  plant  food  in 
the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly  emphasize  the 
fact  that  the  supplies  of  some  of  these  necessary  elements  of  fertility  are  ex- 
tremely limited  when  measured  by  the  needs  of  large  crop  yields  for  even  one  or 
two  generations  of  people. 

The  variation  among  the  different  types  of  soil  in  Champaign  county  with 
respect  to  their  content  of  important  plant-food  elements  is  also  very  marked. 
The  deep  peat  contains  in  the  plowed  soil  of  an  acre  twenty  times  as  much  nitro- 
gen as  the  yellow  silt  loam,  and  about  five  times  as  much  nitrogen  but  only  one- 
fourth  as  much  potassium  as  the  brown  silt  loam.  The  total  supply  of  phosphorus 
in  the  surface  soil  varies  from  740  pounds  per  acre  in  the  yellow-gray  sandy  loam 
to  1,780  pounds  in  the  black  day  loam.  The  magnesium  and  calcium  vary  from 
about  4,000  and  5,000  pounds  in  the  lighter  soils  to  about  20,000  pounds  in  some 
other  types.  One  type  contains  an  abundance  of  limestone,  while  some  others 
are  slightly  acid  in  the  surface,  more  strongly  acid  in  the  subsurface,  and  some- 
times devoid  of  limestone  even  in  the  subsoil.  More  than  80  percent  of  the  soils 
of  the  county  contain  no  limestone  in  the  surface  or  subsurface  to  a  depth  of 
20  inches. 

With  an  inexhaustible  supply  of  nitrogen  in  the  air  and  with  35,000  pounds 
of  potassium  in  the  most  common  prairie  soil,  the  economic  loss  in  farming  such 
land  with  some  acidity  aild  with  only  1,060  pounds  of  total  phosphorus  in  the 
plowed  soil  can  be  appreciated  only  by  the  man  who  fully  realizes  that  in  less 
than  one  generation  the  average  crop  yields  could  be  doubled  by  the  proper 
use  of  limestone  and  phosphorus  in  rational  farm  systems,  without  change  of 
seed  or  season  and  with  very  little  more  work  than  is  now  devoted  to  the  fields. 
Fortunately,  some  definite  field  experiments  have  already  been  conducted  on 
this  most  extensive  type  of  soil  on  the  University  experiment  fields  in  several 
counties,  as  at  Urbana  in  Champaign  county,  at  Sibley  in  Ford  county,  at  Bloom- 
ington  in  McLean  county,  and  for  shorter  periods  in  some  other  counties.  Before 
considering  in  detail  the  individual  soil  types,  it  seems  advisable  to  study  some 
of  the  results  already  obtained  where  definite  systems  of  soil  improvement  have 
been  tried  out  on  some  of  these  experiment  fields  in  different  parts  of  central 
Illinois. 

Resui/ts  op  Field  Experiments  at  Urbana 

A  three-year  rotation  of  com,  oats,  and  clover  was  begun  on  the  North  Farm 
at  the  University  of  Illinois  in  1902,  on  three  fields  of  typical  brown  silt  loam 
prairie  land  which,  after  twenty  years  or  more  of  pasturing,  had  grown  com  in 
1895, 1896,  and  1897  (when  careful  records  were  kept  of  the  yields  produced), 
and  had  then  been  cropped  with^ clover  and  grass  on  one  field  (Series  100),  oats 
on  another  (Series  200),  and  oats,  cowpeas,  and  com  on  the  third  field  (Series 
300)  until  1901.  From  1902  to  1910  the  three-year  rotation  (with  cowpeas  in 
place  of  clover  in  1902)  was  followed.  The  average  yields  are  recorded  in  Ta- 
ble 3.  . 

A  small  crop  of  cowpeas  in  1902  and  a  partial  crop  of  clover  in  1904  consti- 
tuted all  the  hay  harvested  during  the  first  rotation,  mammoth  clover  grown  in 
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Plate  2. — Clover  in  1913  on  Uebana  Field 

Fash  Uanusx  Aftlied 

TiBLD,  1.13  Tons  pkb  Acbe 

1903  having  lodged  bo  that  it  web  plowed  under.  The  average  yields  of  hay 
shown  in  the  table  represent  one-third  of  the  two  small  crops. 

From  1902  to  1907  legume  cover  eropa  (Le),  sueh  as  cowpeas  and  clover, 
were  seeded  in  the  com  at  the  last  cultivation  on  Plots  2,  4,  6,  and  8,  but  the 
growth  was  small  and  the  net  efEect,  if  any,  was  to  decrease  the  returns  from  the 
regular  crops.  Since  1907  crop  residues  (R)  have  been  returned  to  those  plots. 
These  consist  of  the  stalks  of  com,  the  straw  of  small  grains,  and  all  legumes 
except  alfalfa  hay  and  the  seed  of  clover  and  soybeans,  including  since  1911 
(except  when  alfalfa  follows  wheat)  a  legume  cover  crop  (usually  sweet  clover) 
seeded  on  the  young  wheat  and  plowed  under  the  next  spring  for  com. 

On  Plots  3,  5,  7,  and  9,  manure  (M)  was  applied  for  com  at  the  rate  of  6 
tons  per  acre  during  the  second  rotation,  and  subsequently  for  each  rotation  as 
many  tons  of  manure  are  applied  for  com  as  there  have  been  tons  of  air-dry 
produce  harvested  from  the  corresponding  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902  and  600  pounds  of  limestone  in  1903.  Subsequently 
2  tons  per  acre  of  limestone  were  applied  to  these  plots  on  Series  100  in  1911, 
on  Series  200  in  1912,  on  Series  300  in  1913,  and  on  Series  400  in  1914;  also  2^/^ 
tons  per  acre  on  Series  500  in  1911,  two  more  fields  having  been  brought  into 
rotation,  as  explained  on  the  following  page. 
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Plate  3. — Cr-ovm  in  IfllS  on  Uebana  Fisld 

Faru  Manure,  Lucestone,  and  Phosphobub  Applied 

Yield,  2.90  Tons  pee  Acbb 

Pbosphoms  (P)  has  been  applied  on  Plots  6  to  9  since  1902  at  the  rate  of 
25  pounds  per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  be^n- 
ning  with  1908,  one-half  of  each  phosphorus  plot  has  received  600  pounds  of 
nek  phosphate  in  place  of  the  200  pounds  of  bone  meal,  the  usual  practice 
being  to  apply  and  plow  under  at  one  time  all  phosphorus  and  potassium  required 
for  the  rotation. 

Potassium  (K=kalium)  has  been  applied  on  Plots  8  and  9  at  the  yearly  rate 
of  42  pounds  per  acre  in  100  pounds  of  potassium  sulfate,  regularly  in  con- 
nection with  the  bone  meal  and  roek  phosphate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  "extra  heavy"  treatment  was  not  begun  until 
1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  These  heavy  applications  are  made  in  an  attempt  to  determine 
the  climatic  possibilities  in  crop  yields  by  removing  the  limitations  of  inadequate 
fertility. 

Series  400  and  500  were  cropped  in  com  and  oats  from  1902  to  1910,  but  the 
various  plots  were  treated  the  same  as  the  corresponding  plots  in  the  three-year 
rotation.  Beginning  with  1911,  the  five  series  have  been  used  for  a  combination 
rotation ;  wheat,  com,  oats,  and  clover  being  rotated  for  five  years  on  four  fields, 
while  alfalfa  occupies  the  fifth  field,  which  is  then  brought  under  the  four-crop 
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Table  4. — ^Yields  pbr  Acre,  Sbybn-tbab  Avbraoes,  1911-17;  Ubbana  Field 
Brown  Sn/r  Loam  Prairib;  Early  Wisconsin  Glaciation 


Serial 
plot 
No. 


1 
2 
3 

4 
5 


6 

7 

8 

9 

10 


Soil 
treatment 

Wheat 
bu. 

Com 
bu. 

Oats 
bu. 

0 

21.9 
26.3 
24.6 
28.3 
30.6 

54.0 
56.1 
63.9 
60.2 
64.1 

53.0 

R 

54.5 

M 

63.5 

RL 

55.8 

ML 

65.8 

RT.P 

MLP 

RLPK 

MLPK 

MxLPx 

42.6 
40.1 
41.7 
39.4 
42.7 

67.0 
68.2 
66.1 
64.5 
62.7 

72.6 
71.7 
73.5 
75.1 
76.6 

Soybeans 

-4,  tons 

(bu.) 


1.60 
(21.3) 

1.68 
(20.7) 

1.72 


(22.6) 
1.92 

(24.2) 
2.09 
2.17 


Clover 

-3,  tons 

(bu.) 


1.60 
(.87) 
2.20 
(1.26) 
2.73 


(2.05) 

3.50 

(1.38) 

3.36 

3.42 


Alfalfa 
ton 


2.12 
2.15 
2.10 
2.33 
2.76 


3.57 
3.58 
3.59 
3.64 
3.70 


Value  of  5  crops 


Lower 

Hi^er 

pnoes 

prices 

$111.63 

$156.28 

113.55 

158.98 

121.98 

170.78 

121.25 

169.76 

138.11 

193.34 

162.44 
164.65 
159.79 
164.43 
168.76 


227.42 
230.52 
223.70 
230.22 
236.26 


system  to  make  place  for  alfalfa  on  one  of  the  other  fields  for  another  five-year 
period,  and  so  on.    (See  Table  4.) 

From  1911  to  1917  soybeans  were  substituted  four  years  because  of  clover 
failure ;  accordingly  four-sevenths  of  the  soybeans  and  three-sevenths  of  the  clo- 
ver are  used  to  compute  values.  Alfalfa  from  the  1911  seeding  so  nearly  failed 
that  after  cutting  one  crop  in  1912  the  field  was  plowed  and  reseeded.  The 
average  yield  reported  for  alfalfa  in  Table  4  is  one-seventh  of  the  combined  crops 
of  1912,  1913,  1914,  1915,  1916,  and  1917. 

The  ** lower  prices"  allowed  for  produce  are  $1  a  bushel  for  wheat  and 
soybeans,  50  cents  for  com,  40  cents  for  oats,  $10  for  clover  seed,  and  $10  a  ton  for 
hay;  while  the  ** higher  prices"  are  40  percent  more  than  these  values,  or 
$1.40  for  wheat  and  soybeans,  70  cents  for  com,  56  cents  for  oats,  $14  for  clover 
seed,  and  $14  a  ton  for  hay.  The  two  sets  of  values  are  used  to  emphasize  the 
fact  that  a  given  practice  may  or  may  not  be  profitable,  depending  upon  the 
prices  of  farm  produce.  The  lower  prices  are  conservative,  and  unless  otherwise 
stated,  they  are  the  values  regularly  used  in  the  discussion  of  results.  It  should 
be  understood  that  the  increase  produced  by  manures  and  fertilizers  requires 
increased  expense  for  binding  twine,  shocking,  stacking,  baling,  threshing,  haul- 
ing, storing,  and  marketing.  Measured  by  Illinois  prices  for  the  past  ten  years, 
these  lower  values  are  high  enough  for  crops  standing  in  the  field  ready  for 
harvest. 

The  cost  of  limestone  delivered  at  a  farmer's  railroad  station  in  carload 
lots  averages  about  $1.25  per  ton.  Steamed  bone  meal  in  carloads  costs  from 
$30  to  $40  per  ton.  Fine-ground  raw  rock  phosphate  containing  from  260  to  280 
pounds  of  phosphorus,  or  as  much  as  the  bone  meal  contains  ton  for  ton,  but  in 
less  readily  available  form,  usually  costs  the  farmer  from  $8  to  $10  per  ton 
in  carloads.  (Acid  phosphate  carrying  half  as  much  phosphorus,  but  in  soluble 
form,  may  cost  three  times  as  much  as  the  raw  rock,  or  from  $24  to  $30  per 
ton  delivered  in  carload  lots  in  central  Illinois.)  Under  normal  conditions  potas- 
sium costs  about  6  cents  a  pound,  or  $2.50  per  acre  per  annum  for  the  amount 
applied  in  these  experiments,  the  same  as  the  cost  of  500  pounds  of  rock  phos- 
phate at  $10  per  tori. 

To  these  cash  investments  must  be  added  the  expense  of  hauling  and  spread- 
ing the  materials.  This  will  vary  with  the  distance  from  the  farm  to  the  railroad 
station,  with  the  character  of  the  roads,  and  with  the  farm  force  and  the  immedi- 
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ate  requirements  of  other  lines  of  farm  work.  It  is  the  part  of  wisdom  to  order 
such  materials  in  advance  to  be  shipped  when  specified,  so  that  they  may  be 
received  and  applied  when  other  farm  work  is  not  too  pressing  and,  if  possible, 
when  the  roads  are  likely  to  be  in  good  condition. 

The  practice  of  seeding  legume  cover  crops  in  the  cornfield  at  the  last  cul- 
tivation where  oats  are  to  follow  the  next  year  has  not  been  found  profitable, 
as  a  rule,  on  good  corn-belt  soil ;  but  the  returning  of  the  crop  residues  and 
cover  crops  to  the  land  may  maintain  the  nitrogen  and  organic  matter  equally 
as  well  as  the  hauling  and  spreading  of  farm  manure — and  this  makes  possible 
permanent  systems  of  farming  on  grain  farms  as  well* as  on  live-stock  farma, 
provided,  of  course,  that  other  essentials  are  supplied.  (Clover  with  oats  or 
wheat,  as  a  cover  crop  to  be  plowed  under  for  com,  often  gives  good  results. 
Sweet  clover  is  most  promising  for  this  purpose.) 

At  the  lower  prices  for  produce,  manure  {6  tons  per  acre)  was  worth  $1.71 
a  ton  as  an  average  for  the  first  three  years  during  which  it  was  applied  (1905 
to  1907).  For  the  next  rotation  the  average  application  of  10.21  tons  per  acre 
on  Plot  3  was  worth  $14.41,  or  $1.41  a  ton.  During  the  next  four  years,  1911 
to  1914,  the  average  amount  applied  (once  for  the  rotation)  on  Plot  3  was  11.35 
tons  per  acre,  worth  $9.17,  or  81  cents  a  ton,  as  measured  by  its  effect  en  the 
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wheat,  com,  oats,  eoybeans,  and  clover.  Thus,  as  an  average  of  the  ten  years' 
resolta,  the  fann  manure  applied  to  Plot  3  has  been  worth  $1.20  a  ton  on  common 
corn-belt  prairie  soil,  with  a  good  crop  rotation  including  legumes.  During  the 
last  four  years  of  this  ten-year  period  moisture  was  the  limiting  factor  to  such 
an  extent  as  probably  to  lessen  the  effect  of  the  manure. 

Aside  from  the  crop  residues  and  manure,  each  addition  affords  a  duplicate 
test  as  to  its  effect.  Thus  the  effect  of  limestone  is  ascertained  by  comparing 
Plots  4  and  5,  not  with  Plot  1,  but  with  Plots  2  and  3 ;  and  the  effect  of  phos- 
phorus is  ascertained  by  comparing  Plots  6  and  7  with  Plots  4  and  5,  respectively. 

As  a  general  average,  the  plots  receiving  limestone  have  produced  $1.97 
an  acre  a  year  more  than  those  without  limestone,  and  this  corresponds  to  more 
than  $6  a  ton  for  all  the  limestone  applied;  but  the  amounts  used  before  1911 
were  so  small  and  the  results  vary  so  greatly  with  the  different  plots,  crops,  and 
seasons  that  final  conclusions  cannot  be  drawn  until  further  data  are  secured, 
the'  first  2-ton  applications  having  been  completed  only  for  1914.  However, 
all  comparisons  by  rotation  periods  show  some  increase  for  limestone,  these  in- 
creases varying  from  $1.18  on  three  acres  (Plot  4)  during  the  first  rotation, 
to  $16.13  on  five  acres  (Plot  5)  as  an  average  of  the  last  seven  years.  The  need 
of  limestone  for  the  best  results  and  highest  profits  seems  well  established. 
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As  an  average  of  duplicate  trials  (Plots  6  and  7),  phosphorus  in  200  pounds 
of  bone  meal  produced  increases  valued  at  $2.74  per  acre  per  annum  for  the 
first  three  years  and  at  $7.59  for  the  next  three ;  and  the  corresponding  subse- 
quent average  increases  from  bone  meal  and  raw  phosphate  (one-half  plot  of 
each)  were  $7.31  for  the  third  rotation  and  $6.77  for  the  last  seven  years,  1911 
to  1917.  In  the  residue  system,  the  average  yearly  acre-increase  for  phosphorus 
was  $6  for  the  first  six  years,  and  $8.02  for  the  next  ten  years ;  and  in  the  ma- 
nure system  the  corresponding  average  increases  were  $4.33  for  the  first  six  years 
and  $5.85  for  the  next  ten  years.  The  annual  expense  per  acre  for  phosphorus 
is  $3.50  in  bone  meal  at  $35  a  ton,  or  $2.70  for  rock  phosphate  at  $9  a  ton. 

Potassium  applied  at  an  estimated  normal  cost  of  $2.50  an  acre  a  year, 
seemed  to  produce  slight  but  very  unprofitable  increases,  as  an  average,  during 
the  first  and  second  rotations ;  but  subsequently  those  increases  have  been  almost 
entirely  lost  in  reduced  average  yields,  the  net  result  to  date  being  an  average  loss 
of  $2.48  per  acre  per  annum,  or  a  loss  of  99  cents  for  every  dollar  invested  in 
potassium. 

Thus  phosphorus  nearly  paid  its  cost  during  the  first  rotation,  and  has  sub- 
sequently paid  its  annual  cost  and  about  100  percent  net  profit ;  while  potassium, 
as  an  average,  has  produced  no  effect,  and  money  spent  for  its  application  has 
been  lost.  These  field  results  are  in  harmony  with  what  might  well  be  expected 
on  land  naturally  containing  in  the  plowed  soil  of  an  acre  only  about  1,100  pounds 
of  phosphorus  and  35,000  pounds  of  potassium. 

The  total  value  of  five  average  crops  harvested  from  the  untreated  land  dur- 
ing the  last  seven  years  is  about  $111.  Where  limestone  and  phosphorus  have 
been  used  together  with  organic  manures  (either  crop  residues  or  farm  manure), 
the  corresponding  value  is  $163.  Thus  200  acres  of  the  properly  treated  land 
would  produce  almost  as  much  in  crops  and  in  value  as  300  acres  of  the  untreated 
land. 

The  excessive  applications  on  Plot  10  have  usually  produced  rank  growth  of 
straw  and  stalk,  with  the  result  that  oats  have  often  lodged  badly  and  com  has 
frequently  suffered  from  drouth  and  eared  poorly.  On  the  whole,  the  extra 
treatment  has  produced  but  little  increase  over  Plots  6  to  9.  The  largest  yield 
of  com  on  Plot  10  was  118  bushels  per  acre  in  1907. 

The  field  investigations  above  described  have  been  conducted  on  fifty  ex- 
perimental plots,  laid  out  by  Eugene  Davenport  a  few  months  after  he  entered 
the  service  of  Illinois  in  1895. 

But  it  so  happens  that  the  oldest  soil  experiment  field  in  the  United  States 
is  located  at  the  University  of  Illinois.  It  was  once  on  the  farm,  but  is  now  on 
the  campus  of  the  institution,  owing  to  the  development  and  expansion  of  the 
University.  This  oldest  field  was  started  by  George  E.  Morrow,  for  many  years 
Professor  of  Agriculture.  Here,  on  part  of  the  field,  com  has  grown  on  the  same 
land  every  year  since  1879 ;  on  another  part,  corn  and  oats  have  grown  in  al- 
ternation; and  on  a  third  part,  com,  oats,  and  clover  have  grown  in  rotation. 
These  are  known  as  the  Morrow  Plots. 

On  these  plots,  with  no  restoration  of  fertility,  the  acre-value  of  the  pro- 
duce, as  an  average  of  the  ten-year  period  1908  to.  1917,  was  $14.15  where  com 
is  grown  every  year,  $17.10  where  com  and  oats  are  altemated,  and  $18.19  where 
com,  oats,  and  clover  are  rotated. 
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Table  5. — ^Yields  per  Acbb  on  Morbow  (M)  and  Davenport  (D)  Plots,  Urbana 


SerifJ 
plot 
No. 


M  3 
M  4 
M  5 

D  1 
D  1 

D  2 
D  3 

D  4 
D  5 

D  6 
D  7 

D  8 
D  9 


Soil  treatment 


10-year  average, 
1908-17 


None. 
None. 
None. 


None, 
None. 


Residues 
Manure. 


Residues,  lime 
Manure,  lime. 


Residues,  lime,  phosphorus 
Manure,  lime,  phospnorus. 


Residues,  lime,  phosphorus,  potas- 
sium  

Manure,  lime,  phosphorus,  potas- 
siimi 


Com, 
bu. 


28.3 

37.6^ 

40.1' 


52.6 
52.6 


64.7 
65.5 


59.6 
67.3 


72.0 
73.7 


72.2 
72.4 


Oats, 
bu. 


38.6' 
41.8^ 


49.3 
49.3 


51.2 
68.3 


52.8 
60.3 


67.2 
66.8 


67.5 
68.7 


Clover, 
T(bu.)* 


Wheat, 

bu. 
7-yr.  av. 


1.78^ 


1.97 
1.97 


(1.09) 
2.09 


(1.82) 
2.39 


(2.29) 
3.07 


(1.88) 
3.01 


21.9 
21.9 


26.3 
24.6 


28.3 
30.6 


42.6 
40.1 


41.7 
39.4 


Alfalfa, 

tons 
6-yr.  av, 


3.18 


2.99 
2.93 


3.25 
3.80 


4.81 
4.82 


4.83 
4.86 


Average 
acre- 
value* 


$14.15 
17.10 
18.19 


21.90 
23.88 


24.19 
26.17 


25.98 
30.05 


35.30 
36.51 


34.38 
36.36 


*Or  equivalent  in  cowpeas  or  soybeans. 

*Five-year  average.      ■Three-year  average.    *Four-year  average. 

"Prices:    50  cents  a  bushel  for  corn,  40  cents   for  oats,  $1  for  wheat  and  soybeans,  $10 
for  clover  seed,  $10  a  ton  for  hay. 

On  the  Davenport  Plots,  if  we  include  the  alfalfa  jrields  for  five  years,  and 
the  wheat  yields  for  seven  years,  with  the  ten-year  averages  for  the  com,  oats, 
and  clover,  the  acre- value  becomes  $23.88  with  no  soil  treatment,  $35.30  with  resi- 
dues, limestone,  and  phosphorus,  and  $36.51  with  manure,  limestone,  and  phos- 
phorus. 

More  complete  details  regarding  these  averages  are  given  in  Table  5. 

As  an  average  of  the  results  secured  during  the  twelve  years  1903  to  1914, 
on  the  University  South  Farm  where  fine-ground  raw  rock  phosphate  is  applied 
at  the  rate  of  500  pounds  per  acre  per  annum  on  the  typical  brown  silt  loam 
prairie  soil,  the  return  for  each  ton  of  phosphate^  used  has  been  $19.39  on  Series 
100  and  $17.24  on  Series  200,  with  the  lower  prices  allowed  for  produce,  the  ro- 
tation being  wheat,  com,  oats,  and  clover  (or  soybeans).  This  gives  an  average 
return  of  $18.31  for  each  ton  of  phosphate  applied.  Averages  for  each  rotation 
period  show  the  following  values  for  the  increase  per  ton  of  phosphate  used: 

Lower  Higher 

prices  prices 

First  rotation,  1903  to  1906 $11.80  $16.52 

Second  rototion,  1907  to  1910 16.19  22.66 

Third  rotation,  1911  to  1914 26.98  37.77 

Thus,  at  the  lower  prices  for  produce,  the  rock  phosphate  paid  back  more 
than  its  cost  during  the  first  rotation,  more  than  li^  times  its  cost  during  the 
second  rotation,  and  nearly  three  times  its  cost  during  the  third  rotation  period. 

One  ton  of  fine-ground  rock  phosphate  costs  about  the  same  as  500  pounds 
of  steamed  bone  meal.  Altho  in  less  readily  available  form,  the  rock  phosphate 
contains  as  much  phosphorus,  ton  for  ton,  as  the  bone  meal ;  and,  when  equal 
money  values  are  applied  in  connection  with  liberal  amounts  of  decaying  organic 
matter,  the  natural  rock  may  soon  give  as  good  results  as  the  bone — and,  by 

'During  the  first  four  years  Series  100  received  only  1,500  pounds  per  acre  of  phosphate, 
and  both  series  received  also  %  ton  per  acre  of  limestone,  the  effect  of  which  probably  would  be 
slight,  as  may  be  judged  from  the  data  secured  later  and  reported  herein. 
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supplying  about  four  times  as  much  phosphorus,  the  rock  provides  for  greater 
durability. 

The  results  just  given  represent  averages  covering  the  residue  system  and  the 
live-stock  system,  both  of  which  are  represented  in  this  crop  rotation  on  the 
South  Farm. 

Ground  limestone  at  the  rate  of  8  tons  per  acre  was  applied  to  the  east  half 
of  these  series  of  plots  (excepting  the  check  plots,  which  receive  only  residues 
or  manure) ,  beginning  in  1910  on  Series  200  and  in  1911  on  Series  100.  Subse- 
quent applications  are  made  of  2  tons  per  acre  each  four  years,  beginning  in 
1914  on  Series  200  and  in  1915  on  Series  100.  As  an  average  of  the  results  from 
both  series,  the  crop  values  were  increased  during  the  third  rotation,  1911-1914, 
as  follows : 

BssmuE  System    Live-Stock  System 

Lower  Higher  Lower  Higher 

prices  prices  prices  prices 

Gain  for  phosphate $26.89  |37.64  $27.07  $37.90 

Gain  for  limestone 3.29  4.60  3.63  5.08 

Detailed  records  of  these  investigations  are  given  in  Tables  6  and  7,  the 
data  being  reported  by  half -plots  after  1910-1911.  (Series  300  and  400,  which 
are  also  used  in  this  rotation,  are  located  in  part  upon  black  clay  loam  and  a 
heavy  phase  of  brown  silt  loam.) 

Results  of  Experiments  on  Sibley  Field. 

Table  8  gives  the  results  obtained  during  twelve  years  from  the  Sibley 
soil  experiment  field  located  in  Ford  county  on  the  typical  brown  silt  loam 
prairie  of  the  Illinois  com  belt. 

Previous  to  1902  this  land  had  been  cropped  with  com  and  oats  for  many 
yeara  under  a  system  of  tenant  farming,  and  the  soil  had  become  somewhat  de- 
ficient in  active  organic  matter.  While  phosphorus  was  the  limiting  element 
of  plant  food,  the  supply  of  nitrogen  becoming  available  annually  was  but  little 
in  excess  of  the  phosphorus,  as  is  well  shown  by  the  com  jdelds  for  1903,  when 
the  addition  of  phosphorus  produced  an  increase  of  8  bushels,  nitrogen  pro- 
duced no  increase,  but  nitrogen  and  phosphorus  increased  the  yield  by  15 
bushels. 

After  six  years  of  additional  cropping,  however,  nitrogen  appeared  to  be- 
come the  most  limiting  element,  the  increase  in  the  com  in  1907  being  9  bushels 
from  nitrogen  and  only  5  bushels  from  phosphorus;  while  both  together  pro- 
duced an  increase  of  33  bushels.  By  comparing  the  com  yields  for  the  four 
years  1902,  1903,  1906,  and  1907,  it  will  be  seen  that  the  untreated  land  appar- 
ently grew  less  productive,  whereas,  on  land  receiving  both  phosphorus  and 
nitrogen,  the  yield  appreciably  increased,  so  that  in  1907,  when  the  untreated 
rotated  land  produced  only  34  bushels  of  com  per  acre,  a  yield  of  72  bushels 
(more  than  twice  as  much)  was  produced  where  lime,  nitrogen,  and  phosphorus 
had  been  applied,  altho  the  two  plots  produced  exactly  the  same  yield  (57.3 
bushels)  in  1902. 

Even  in  the  unfavorable  season  of  1910  the  yield  of  the  highest  producing 
plot  exceeded  the  yield  of  the  same  plot  in  1902,  while  the  untreated  land  pro- 
duced less  than  half  as  much  as  it  produced  in  1902.    The  prolonged  drouth  of 
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1911  resulted  in  almost  a  failure  of  the  com  crop,  but  nevertheless  the  effect  of 
soil  treatment  was  seen.  Phosphorus  appeared  to  be  the  first  limiting  element 
again  in  1909,  1910,  and  1911 ;  while  the  lodging  of  ofits,  especially  on  the  nitro- 
gen plots,  in  the  exceptionally  favorable  season  of  1912,  produced  very  irregular 
results.  In  1913  wheat  averaged  6.6  bushels  without  nitrogen  or  phosphorus 
(Plots  101,  102,  105)  and  22.4  bushels  where  both  nitrogen  and  phosphorus 
were  added  (Plots  106, 109,  110). 


Table  8. — Cbop  Yields  in  Soil  Experiments,  Siblet  Field 
Brown  Silt  Loam  Prairie;  Early  Wisconsin  Glaciation 


Plot 

Soil  treatment 
applied 

Corn 
1902 

Corn 
1903 

Oats  Wheat  Corn  Corn  Oats  Wheat  Corn 
1904   1905     1906   1907  1908   1909    1910 

Corn  Oats 
1911  1912 

Wheat 
1913 

Bushels  per  acre 

101 
102 

None 

57.3 
60.0 

50.4  74.4i    29.5 

36.7    3.^.9 

25.9f   25  3 

26.6)20.7,    84.4i      .'>.5 

Lime 

54.0 

54.3 
62.3 
49.9 

74.7 

77.5 
92.5 
74.4 

88.4 
75.9 
80.0 

82.5 
85.0 

31.7 

39.2 

38.9 

24.7 

36.3 
25.6 
22.2 

45.6 
42.2 
27.2 

52.8 
44.1 

28.8 

34.0 

22.2 

22.4 
31.6 
21.6 

35.3 
20.1 
31.8 

35.7 
31.5 

85.6 

6.8 

103 
104 
105 

Jjime,  nitro .... 

T<irae,  phos 

Lime,  potas 

60.0 
61.3 
56.0 

32.8 
36.3 
30.2 

41.7 
44.8 
37.5 

48.1 
43.5 
34.9 

19.0 
32.2 
23.2 

29.0 
52.0 
34.2 

25.3 
92.3 
83.1 

42.2 
55.6 
79.7 

18.3 

10.7 

7.6 

106 

Lime,  nitro., 
nhos 

57.3 
53.3 
58.7 

69.1 
51.4 
60.9 

45.2 
37.7 
39.8 

68.5 
39.7 
41.5 

72.3 
51.1 
39.8 

33.3 
25.8 
28.5 

55.6 
46.2 
43.0 

24.7 

107 

r ***'^ .. ....... 

Lime,  nitro., 
potas 

19.2 

108 

f-'^"'*"* 

Lime,  pbos., 

potas 

11.8 

i09 

110 

Lime,  nitro., 
phos., potas. . . 

Nitro.,  phos., 
potas 

58.7 
60.0 

65.9 
60.1 

48.0 
48.5 

69.5 
63.3 

80.1 
72.3 

35.0 
30.8 

58.0 
64.4 

57.2 
54.1 

24.5 
18.0 

Increase:    Busheb  per  Acre 


For  nitrogen 

For  phosphorus 

For  potassium 

For  nitro.,  phos.  over 

phos 

For  phos.,  nitro.,  over 

nitro 

For  potas.,  nitro., 

phos.  over  nitro., 

phos 


.0 

1.3 

-4.0 

.3 

8.3 

-4.1 

2.8 

17.8 

-.3 

1.1 

4.6 

-1.5 

2.5 

5.6 

-1.7 

9.2 

4.6 

-4.0 

11.6 

.9 

-2.5 

-9.8 

3.4 

-5.6 

-5.0 

18.0 

.2 

.2 
9.4 
-.6 

-60.3 

6.7 

-2.5 

-4.0 

6.8 

-4.1 

8.9 

23.7 

28.8 

20.0 

1.1 

3.6 

3.7 

-50.1 

-2.7 

14.8 

10.9 

12.4 

24.8 

24.2 

9.3 

14.3 

26.6 

12.9 

16.9 

1.4 

-3.2 

-5.9 

2.8 

1.0 

7.8 

7.2 

1.7 

2.4 

.4 

15.0 

11.5 
3.9 

.7 

14.0 
6.4 


-.2 


Value  of  Crops  per  Acre  in  Twelve  Years 


Plot 


101 
102 


103 
104 
105 


106 
107 
108 

109 
110 


Soil  treatment  applied 


None 
Lime. 


Lime,  nitrogen . . . 
lime,  phosphorus 
Lime,  potassium. . 


Lime,  nitrogen,  phosphorus . . 
Lime,  nitrogen,  potassium . . . 
Lime,  phosphorus,  potassium 


lime,  nitrogen,  phosphorus,  potassium 
Nitrogen,  phospnorus,  potassium 


Total  value  of 
twelve  crops 


Lower 
prices 

$246.98 
266.45 

253.49 
311.11 
239.03 


352.73 
283.08 
292.71 

368.45 
346.38 


Hi^er 
prices 

$345.78 
373.02 


354.88 
435.56 
334.64 

493.82 
396.32 
409.80 

515.82 
484.94 


Value  of  Increase  per  Acre  in  Twelve  years 


For  nitrogen 

For  phosphorus 

For  nitrogen  and  phosphorus  over  phosphorus 

For  phosphorus  and  mtrogen  over  nitrogen 

For  potassium^  nitrogen,  and  phosphorus  over  nitrogen  and  phosphorus. 


$12.96 
44.66 
41.62 
99.24 
15.72 


-$18.14 

62.54 

58.26 

138.94 

22.00 
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In  the  lower  part  of  Table  8  is  ahown  the  total  value  of  the  twelve  crops 
from  each  of  the  ten  different  plots,  the  amounts  varying  at  the  lower  prices 
(50  cents  a  bnahel  for  com,  40  cents  for  oats,  and  $1  for  wheat)  from  $239.03 
to  $368.45  per  acre.  Phosphorus  without  nitrogen  has  produced  $44,66  in  ad- 
dition to  the  increase  by  lime,  but  with  nitrogen  it  has  produced  $99.24  above 
the  crop  values  where  only  Ume  and  nitrogen  have  been  used.  The  results 
show  that  in  26  cases  out  of  48  the  addition  of  potassium  has  decreased  the 
crop  yields.  Even  when  applied  in  addition  to  phosphorus,  and  with  no  effort 
to  liberate  potassium  from  the  soil  by  adding  organic  matter,  potassium  has 
produced  no  increase  in  crop  values  as  an  average  of  the  results  from  Plots  108 
and  109. 

By  comparing  Plots  101  and  102,  and  also  109  and  110,  it  is  Been  that  lime 
has  produced  an  average  increase  of  $20.77,  or  $1.73  an  acre  a  year.  The  in- 
crease on  these  plots  is  nearly  the  same  as  on  the  field  at  Urbana,  and  it  sug- 
gests that  the  time  is  here  when  limestone  must  be  applied  to  some  of  these  brown 
silt  loam  soils. 

"While  nitrogen,  on  the  whole,  has  produced  an  appreciable  increase,  espe- 
cially on  tiiose  plots  to  which  phosphorus  has  also  been  added,  it  has  cost,  in 
commercial  form,  so  much  above  the  value  of  the  increase  produced  that  tiie 
only  conclusion  to  be  drawn,  if  we  are  to  utilize  the  fact  to  advantage,  is  that 
the  nitrogen  must  be  secured  from  the  ^r. 

BESDI.TS  OF  Experiments  on  Bloominqton  Field 

Space  is  taken  to  insert  Tables  9  and  10,  giving  all  results  thus  far  obtained 
from  the  Bloomington  soil  experiment  field,  which  is  also  located  on  the  brown 
silt  loam  prairie  soil  of  the  Illinois  com  belt. 


Plate  6. — Cobn  in  1912  on  Bloomihqtoh  Pield 

Ok  Lett,  Besidues,  Like,  and  Potassiuic;    YieU),  68.9  Bushels 

On  Biokt,  Bisiduxs,  Limb,  and  PHOSFHOBas:    Yield,  86.1  Buskels 
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The  general  results  of  the  first  twelve  years'  work  tell  much  the  same  story 
as  those  from  the  Sibley  field.  The  rotations  differed  after  1905  by  the  use  of 
clover  and  the  discontinuing  of  the  use  of  commercial  nitrogen, — ^in  consequence 
of  which  phosphorus  without  commercial  nitrogen,  on  the  Bloomington  field, 
produced  an  even  larger  increase  ($140.89)  than  was  produced  by  phosphorus 
and  nitrogen  over  nitrogen  on  the  Sibley  field  ($99.24). 

It  should  be  stated  that  a  draw  runs  near  Plot  110  on  the  Bloomington  field, 
that  the  crops  on  that  plot  are  sometimes  damaged  by  overflow  or  imperfect 
drainage,  and  that  Plot  101  occupies  the  lowest  ground  on  the  opposite  side  of 
the  field.  In  part  because  of  these  irregularities  and  in  part  because  only  one 
small  application  has  been  made,  no  conclusions  can  be  drawn  in  regard  to  lime. 
Otherwise  all  results  reported  in  Table  9  are  considered  reliable.  They  not 
only  furnish  much  information  in  themselves,  but  they  also  offer  instructive 
comparison  with  the  Sibley  field. 

Wherever  nitrogen  has  been  provided,  either  by  direct  application  or  by 
the  use  of  legume  crops,  the  addition  of  the  element  phosphorus  has  produced 
very  marked  increases,  the  average  yearly  increase  for  the  Bloomington  field 
being  worth  $9.90  an  acre,  at  the  lower  prices,  as  a  sixteen-year  average.  This 
is  $6.40  above  the  cost  of  the  phosphorus  in  200  pounds  of  steamed  bone  meal, 
the  form  in  which  it  is  applied  on  the  Sibley  and  the  Bloomington  fields.  On 
the  other  hand,  the  use  of  phosphorus  without  nitrogen  will  not  maintain  the 
fertility  of  the  soil  (see  Plots  104  and  106,  Sibley  field).  As  the  only  practical 
and  profitable  method  of  supplying  nitrogen,  a  liberal  use  of  clover  or  other 
legume  is  suggested,  the  legume  to  be  plowed  under  either  directly  or  as  manure, 
preferably  in  connection  with  the  phosphorus  applied,  especially  if  raw  rock 
phosphate  is  used. 

From  the  soil  of  the  best  treated  plots  on  the  Bloomington  field,  204  pounds 
per  acre  of  phosphorus,  as  an  average,  has  been  removed  in  the  fifteen  crops. 


Table  10. — ^Valub  of  Crops  pbb  Acrb  m  SnciBSN  Ybabs,  Bloomington  Fdbld 


Plot 

Toi 

102 

103 
104 
105 


Soil  treatment  applied 


Noiie< 
Lime. 


I^me,  residues. . . 
Lime,  phosphorus. 
lime,  potaarium. 


100  Lime,  residues,  phosphorus. . 
Lime,  residues,  potassium. . . . 
Lime,  phosphorus,  potaBsium 


107 


108 


109 
110 


Lime,  residues,  phosphorus,  i)otas8ium 
Residues,  phoq>norus,  potassium 


Total  value  of 
fifteen  crops 


Lower 
prices* 


$299.55 
292.20 

312.80 
470.25 
303.99 


471 . 19 
307.20 
485.01 


474.34 
434.95 


Hijsher 
prices* 

$419.37 
409.08 

437.92 
658.35 
425.59 


659.67 
430.08 
679.01 


664.08 
608.93 


Value  of  Increase  per  Acre  in  Fifteen  Crops 


For  residues 

For  phosphorus 

For  rettdfuea  and  phosphorus  over  phosphorus 

For  pkosphanu  and  residues  over  residues 

For  pokasiumf  residues,  and  phosphorus  over  residues  and  phosphorus. 


$28.84 
249.27 

1.32 
221.75 

4.41 


^Wheat  at  $1  a  bushel,  com  at  50  cents,  oats  at  40  cents,  hay  at  $10  a  ton. 
"Wheat  at  $1.40  a  bushel,  corn  at  70  cents,  oats  at  56  cents,  and  hay  at  $14  a  ton. 
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This  is  equal  to  17  percent  of  the  total  phosphorus  contained  in  the  surface 
soil  of  an  acre  of  the  untreated  land.  In  other  words,  if  such  crops  could  be 
grown  for  ninety  years,  they  would  require  as  much  phosphorus  as  now  con- 
stitutes the  total  supply  in  the  ordinary  plowed  soil.  The  results  plainly  show, 
however,  that  without  the  addition  of  phosphorus  such  crops  cannot  be  grown 
year  after  year.  Where  no  phosphorus  has  been  applied,  the  crops  have  removed 
only  132  pounds  of  phosphorus  during  the  same  period,  which  is  equivalent  to 
only  11  percent  of  the  total  amount  (1,200  pounds)  present  in  the  surface  »oil 
at  the  beginning  of  the  experiment  in  1902.  The  total  phosphorus  applied  from 
1902  to  1917,  as  an  average  of  all  plots  where  it  has  been  used,  has  amounted 
to  400  pounds  per  acre  and  has  cost  $56.^  This  has  paid  back  $171.15,  or  300 
percent  on  the  investment ;  whereas  potassium,  used  in  the  same  number  of  tests 
has  paid  back  only  $6.02  per  acre  in  the  sixteen  years,  or  about  15  percent  of  its 
normal  cost,  leaving  a  net  loss  of  85  cents  from  each  dollar  invested  in  potassium. 
Are  not  these  results  to  be  expected  from  the  composition  of  such  soil  and 
the  requirement  of  crops?    (See  Table  2 ;  also  Table  A  in  the  Appendix.) 


102  103  104  105  106  107  108  109 

OB  P  K  EP  BK  PK         BPK 

$292.20     $312.80      $470.25      $303.99      $471.19     $307.20     $485.01       $474.34 
Plate  6. — Crop  Values  foe  Sixteen  Years,  Bloomington  Experiment  PrELD 
(Bzrresidues;   P=zphosphoru8 ;   K=pota8siuni,  or  kalium) 


'This  is  based  on  $35  a  ton  for  steamed  bone  meal ;  in  earlier  years  the  price  was  about  $25. 
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Nitrogen  was  applied  to  the  residue  plots  of  this  field,  in  commercial  form 
only,  from  1902  to  1905 ;  but  clover  was  grown  in  1906  and  1910,  and  a  cover  crop 
of  cowpeas  after  the  clover  in  1906.  The  cowpeas  were  plowed  under  on  all 
plots,  and  the  1910  clover  (except  the  seed)  was  plowed  under  on  the  five  res- 
idue plots.  Straw  and  com  stalks  have  also  been  returned  to  these  plots, 
beginning  with  1908.  The  effect  of  returning  these  residues  to  the  soil  has 
been  appreciable  since  1908  (an  average  increase  on  Plot  106  of  2.0  bushels  of 
wheat,  7.2  bushels  of  com,  and  13.0  bushels  of  oats)  and  probably  will  be  more 
marked  on  subsequent  crops.  Indeed,  the  large  crops  of  com,  oats,  and  wheat 
grown  on  Plots  104  and  108  during  the  sixteen  years  have  drawn  their  nitrogen 
very  largely  from  the  natural  supply  in  the  organic  matter  of  the  soil.  The 
roots  and  stubble  of  clover  contain  no  more  nitrogen  than  the  entire  plant  takes 
from  the  soil  alone,  but  they  decay  rapidly  in  contact  with  the  soil  and  probably 
hasten  the  decomposition  of  the  soil  humus  and  the  consequent  liberation  of 
the  soil  nitrogen.  But  of  course  there  is  a  limit  to  the  reserve  stock  of  humus 
and  nitrogen  remaining  in  the  soil,  and  the  future  years  will  undoubtedly  wit- 
ness a  gradually  increasing  difference  between  Plots  104  and  106,  and  between 
Plots  108  and  109,  in  the  yields  of  grain  crops. 

Plate  7  shows  graphically  the  relative  values  of  the  fifteen  crops  for 
the  years  1902  to  1917,  for  the  eight  comparable  plots,  Nos.  102  to  109.    The 


Table  11. — ^Febtilitt  in  the  Soils  of  Champaign  County,  Illinois 
Average  pounck  per  acre  in  4  million  pounds  of  subsurface  soil  (about  65^  to  20  inches) 


SoQ 
type 
No. 


Soil  type 


Total 

organic 

carbon 

Total 
nitro- 
gen 

Total 
phos- 
phorus 

Total 
potas- 
sium 

Total 

mag- 

nAfuum 

Total 
cal- 
cium 

Tiime- 

stone 

present 

Soil 
acidity 
present 


Upland  Prairie  Soils  (900,  1100) 


926( 
1126  ( 

920( 
1120  ( 

»28\ 
1128/ 
1121 
1160 


Brown  silt  loam  . . . 

Black  clay  loam 

Brown-gra]^  silt 
loam  on  tight  clay 

Drab  day  loam 

Brown  sandy  loam. 


72330 

6  390 

1690 

74  080 

25.050 

20  510 

65500 

6140 

2  620 

69  600 

30  240 

34  230 

Often 

27080 
54440 
44240 

3240 
5420 
3800 

1440 
2  180 
1560 

64  980 
72  580 
54  200 

14  380 
28  660 
13  760 

9060 
30  740 
12  400 

Often 

50 


3040 

Often 

400 


Upland  Timber  Soils  (900,  1100) 


9341 
1134  ( 

935} 
1135} 
1164 


Yellow-gray  silt 
loam , 


Yellow  silt  loam . . , 

Yellow-gray  sandy 
loam , 


20440 

2  410 

1410 

72  410 

23  950 

14  410 

12560 

1120 

1720 

76  880 

15  600 

12  040 

16080 

1160 

1240 

60  080 

8  680 

10  440 

1840 
160 

40 


Terrace  Soils  (1500) 


1536 

1527 
1560 


Yellow-gray  silt 
loam  over  sand 
or  gravel 

Brown  silt  loam 
over  sand  or  gravel 

Brown  sandy  loam 


16080 

2  180 

1940 

74  620 

20  060 

11580 

63040 
48720 

5  920 
4400 

2080 
1600 

72  960 
66  040 

19  600 
12  880 

14  080 

15  560 

3  560 

40 
40 


Swamp  and  Bottom-Land  Soils  (1400) 


1454 

Mixed  loam 

76200 

7  180 

2  260 

77  180 

23  680 

26  540 

Often 

1401 

Deap  peat^ 

Meoium  peat  on 

650500 

53  160 

2  100 

13  480 

11800 

66  600 

15  040 

14U2 

clay* 

181400 

14  260 

780 

34  880 

16  200 

21320 

60 

*  Amounts  reported  are  for  2  million  pounds  of  deep  peat  and  mediiun  peat. 
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cost  of  the  phosphorus  is  indicated  by  that  paii;  of  the  diagram  above  the  short 
crossbars.  It  should  be  kept  in  mind  that  no  value  is  assigned  to  clover  plowed 
under  except  as  it  reappears  in  the  increase  of  subsequent  crops.  Plots  106 
and  109  are  heavily  handicapped  because  of  the  clover  failure  on  those  plots 
in  1906  and  the  poor  yield  of  clover  seed  in  1910,  whereas  Plots  104  and  108 
produced  a  fair  crop  in  1906  and  a  very  large  crop  in  1910.  Plot  106,  which 
receives  the  most  practical  treatment  for  permanent  agriculture  (RLP),  has  pro- 
duced a  total  value  in  sixteen  years  which  is  only  94  cents  above  that  from  Plot 
104  (LP) .    (See  also  table  on  last  page  of  cover.) 

The  Subsurface  and  Subsoil 

In  Tables  11  and  12  are  recorded  the  amounts  of  plant  food  in  the  sub- 
surface and  the  subsoil  of  the  different  types  of  soil  in  Champaign  county,  but 
it  should  be  remembered  that  these  supplies  are  of  little  value  unless  the  top 
soil  is  kept  rich.  Probably  the  most  important  information  contained  in  these 
tables  is  that  the  most  common  upland  soils  are  usually  acid  in  the  surface 
and  subsurface  and  sometimes  contain  no  limestone  in  the  subsoil.  These  tables 
also  show  great  stores  of  potassium  and  only  limited  amounts  of  phosphorus, 
in  agreement  with  the  data  for  the  surface  stratum  (Table  2). 


Tablb  12. — ^Fbbteutt  in  thb  Soils  of  Champaign  Countt,  Illinois 
Average  pounds  per  acre  in  6  million  pounds  of  subsoil  (about  20  to  40  inches) 


"Sofl" 


Total 
nitro- 
gen 


TotJT 
phos- 
phorus 


Total 
potas- 
sium 


Soil  type 


Total 

organic 

ciEu>bon 


Total 

mas- 

nesium 


Total 
cal- 
cium 


Lime- 
stone 
present 


Sou 
acidity 
present 


Upland  Prairie  Soils  (900,  1100) 


926\ 

1126  r 

920( 
1120  f 

1128  t 

1121 

1160 


Brown  silt  loam  . . . 

Black  day  loam. . . 

Brown-gra^  silt 
loam  on  tight  day 
Drab  clay  loam.. . . 
Brown  sandy  loam . 


33^10 

3920 

2250 

118690 

56850 

49010 

Often 

29110 

3330 

3230 

109130 

62330 

76600 

Often 

21240 
37470 
20040 

2730 
3  780 
1800 

2130 
2  610 
1740 

102840 

111030 

81540 

33810 
62580 
21180 

17760 
80370 
18480 

Often 

Often 


1590 
Often 
1680 


Upland  Timber  Soils  (900, 1100) 


934t 

1134  f 
935) 

1135  f 
1164 


Yellow-gray  silt 
loam 


Yellow  silt  loam . . . 

Yellow-gray  sandy 
loam 


17860 

2  700 

2340 

113660 

51660 

37260 

Often 

14040 

1440 

2940 

108060 

28140 

21180 

11400 

1020 

1800 

82560 

14220 

15300 

Often 
720 

300 


Terrace  Soils  (1500) 

1536 

Yellow-gray  silt 
loam  over  sand  or 
irra vd 

15810 

38100 
21180 

2  610 

3840 
2  100 

2  730 

2460 
1800 

134340 

99840 
105240 

61830 

33420 
23940 

34950 

20400 
19260 

Often 

Often 

1527 
1560 

Brown  silt  loam 
over  sand  or  gravd 
Brown  sandy  loam 

600 
60 

Swamp  and  Bottom-Land  Soib  (1400) 


1454 
1401 
1402 


Mixed  loam , 

Deep  peat* 

Meoimn  peat  on 
clay. 


39690 
248160 


3  990 

17  880 


2  010 
1290 


218  760  16  140      2  640    128  520  101 100 


111990 
50160 


31 110 
21150 


32  760 
32730 


28080 


135420  437280 


60 


'  Amounts  reported  are  for  3  million  pounds  of  deap  peat. 
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INDIVIDUAL  SOIL  TYPES 

(a)     Upland  Prairie  Soils  . 

The  upland  prairie  soils  of  Champaign  county  occupy  911  square  miles, 
or  92.2  percent  of  the  area  of  the  county.  They  are  black  or  brown  in  color, 
owing  to  their  large  content  of  organic  matter. 

The  accumulation  of  organic  matter  in  the  prairie  soils  is  due  to  the  growth 
of  prairie  grasses  that  once  covered  them,  whose  network  of  roots  was  pro- 
tected from  complete  decay  by  the  imperfect  aeration  resulting  from  the  cover- 
ing of  fine  soil  material  and  the  moisture  it  contained.  On  the  native  prairies, 
the  tops  of  these  grasses  were  usually  burned  or  decayed  almost  completely, 
so  that  they  added  very  little  organic  matter  to  the  soil.  Prom  a  sample  of 
virgin  sod  of  **blue  stem*''  one  of  the  most  common  prairie  grasses,  it  has 
been  determined  that  an  acre  of  this  soil  to  a  depth  of  7  inches  contained  13.5 
tons  of  roots.  Many  of  these  roots  died  each  year  and  by  partial  decay  formed 
the  humus  of  these  dark  prairie  soils. 

Brown  Silt  Loam  (1126,  or  926  on  moraines) 

Brown  silt  loam  is  the  most  important  as  well  as  the  most  extensive  soil 
tyx)e  in  Champaign  county.  It  covers  an  area  of  720  square  miles  (460,800 
acres),  or  72.9  percent  of  the  county.  This  type  occupies  the  slightly  undulating 
to  rolling  areas  of  the  prairie  land,  including  both  morainal  and  intermorainal 
areas.  Many  of  these  areas  are  well  surface-drained,  tho  many  need  artifi- 
cial drainage.  The  morainal  areas  are  sometimes  so  rolling  that  considerable 
care  is  required  to  prevent  erosion.  Altho  brown  silt  loam  is  normally  a  prai- 
rie soil,  yet  in  some  limited  areas  forests  have  recently  invaded  it,  but  not 
changed  it  materially.  These  forests  consist  quite  largely  of  black  walnut,  wild 
cherry,  hackberry,  ash,  hard  maple,  and  elm.  A  black-walnut  soil  is  recognized 
generally  by  farmers  as  being  one  of  the  best  timber  soils,  but  this  is  because 
of  the  fact  that  it  still  contains  a  large  amount  of  organic  matter,  characteristic 
of  prairie  soils.  After  the  growth  of  several  generations  of  trees,  the  organic 
matter  would  become  so  reduced  that  the  soil  would  then  be  clas£led  as  a  timber 
type. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam,  varying  on  the  one 
hand  to  black  as  it  grades  into  black  clay  loam  (1120),  and  on  the  other  hand 
to  grayish  brown  or  yellowish  brown  as  it  grades  into  the  timber  type,  yellow- 
gray  silt  loam  (934  or  1134).  In  physical  composition  it  varies  to  some  extent, 
but  it  is  normally  a  silt  loam,  containing  from  65  to  80  percent  of  silt,  together 
"with  some  sand,  and  from  10  to  15  percent  of  clay.  The  amount  of  clay  in- 
creases  as  the  type  approaches  black  clay  loam  (1120),  and  becomes  greatest  in 
the  level,  poorly  drained  areas.  The  amount  of  sand  varies  from  15  to  25 
percent. 

The  organic-matter  content  varies  from  about  4  to  6  percent,  with  an 
average  of  4.9  percent,  or  49  tons  per  acre.  The  amount  is  less  in  the  more  rolling 
areas  than  in  the  low  and  poorly  drained  parts,  owing  not  only  to  the  fact  that 
less  vegetation  grows  on  the  drier,  rolling  areas,  but  also  to  the  fact  that 
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when  incorporated  with  the  soil  much  of  it  is  removed  by  erosion  and  nndergoes 
greater  decomposition,  because  of  better  aeration  and  less  moisture.  Where 
the  type  passes  into  the  yellow-gray  silt  loam  (934  or  1134),  the  organic- 
matter  content  becomes  less,  while  it  is  greater  in  the  low,  swampy  tracts, 
where  the  grasses  grew  more  luxuriantly,  and  where  the  large  moisture  content 
famished  conditions  more  favorable  for  the  preservation  of  organic  matter  of 
the  grass  roots. 

The  natural  subsurface  is  represented  by  a  stratum  varying  from  6  to  16 
inches  in  thickness.  On  the  moraines,  the  stratum  is  thin  and  light  in  color. 
It  varies  in  physical  composition  in  the  same  way  as  the  surface  soil,  but  it 
usually  contains  a  slightly  larger  amount  of  clay,  especially  as  it  approaches 
the  black  clay  loam  (1120).  In  both  color  and  depth  the  stratum  varies  with 
the  topography,  being  lighter  in  color  as  well  as  shallower  on  the  more  rolling 
areas  and  where  the  type  grades  into  yellow-gray  and  yellow  silt  loam  (1134 
or  1135).  The  amount  of  organic  matter  varies  with  depth,  but  the  average  for 
this  stratum  (which  is  twice  the  thickness  of  the  surface  soil  as  it  is  sampled) 
is  3.2  percent,  or  64  tons  per  acre. 

The  natural  subsoil  begins  at  a  depth  of  12  to  23  inches  beneath  the  surface, 
and  extends  to  an  indefinite  depth,  but  is  sampled  from  20  to  40  inches.  It 
varies  with  the  topography  both  in  color  and  texture;  with  depth  it  becomes 
slightly  coarser.  It  consists  of  a  yellow  or  drabbieh  mottled  yellow,  clayey  silt 
or  silty  clay,  plastic  when  wet.     Where  the  drainage  has  been  good,  it  is  of  a 


Plate  8. — A  Vebt  Wasteful  Wat  or  Disposino  op  Cobh  Stalks.    Nitbogen  is  Lost, 

AND  AT  PBESEKT  PEICES   (1918),  THIS  MEANS  A  LOSS  Of  MOEB  THAN  $4  POK  EACH  TON  0» 

9TALK8  Burned.    The  Organic  Matter,  Which  has  a  Hiob  Value  in  Keefiko  the  Son.  in 
Good  Phtbical  Condition,  is  also  Lost 
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bright  to  pale  yellow  color.    With  poor  drainage,  it  approaches  a  drab  or  olive 
color  with  pale  yellow  mottlings  or  a  yellow  color  with  mottlings  of  drab. 

Each  of  the  three  strata  is  pervious  to  water,  so  that  drainage  takes  place 
with  little  difficulty. 

On  the  more  rolling  moraines  the  glacial  drift  is  sometimes  encountered 
less  than  30  inches  from  the  surface,  owing  to  the  removal  of  part  of  the  fine 
loessial  material  by  erosion.  Where  the  drift  is  quite  compact,  as  is  occasionally 
the  case,  the  subsoil  is  somewhat  inferior,  owing  to  its  less  pervious  character. 
This  condition,  however,  does  not  occur  very  often  nor  over  very  large  areas, 
since  most  of  the  drift  is  pervious  and  some  of  it  is  quite  gravelly.  Occasionally 
glacial  till  forms  the  surface  soil,  and  where  this  occurs  the  soil  may  be  quite 
gravelly.  Gravel  may  sometimes  be  found  in  the  surface  soil  in  draws  where 
the  small  pebbles  have  been  washed  down  during  heavy  rains  from  the  adjoining 
higher  land  of  exposed  glacial  drift. 

In  the  eastern  part  of  the  county  in  Township  19  North,  Ranges  10  and  11 
East  of  3d  P.  M.,  and  Range  14  West  of  2d  P.  M.,  this  type  contains  more  fine  and 
medium  sand  than  usual,  and  even  some  very  small  areas  of  sandy  loam,  too 
small  to  be  shown  on  the  map  as  a  separate  type.  These  areas  are  not  objec- 
tionable ;  in  fact  the  small  increase  in  sand  is  even  desirable  as  it  improves  the 
working  qualities  of  the  soil. 

When  the  virgin  brown  silt  loam  was  first  cropped,  the  soil  was  in  fine 
tilth,  worked  easily,  and  large  crops  could  be  grown  with  much  less  work  than 
now.  -Continuous  cropping,  however,  to  com  or  com  and  oats  with  the  burn- 
ing of  com  stalks,  stubble,  grass,  and  in  many  cases  even  straw,  has  destroyed 
the  tilth  in  a  great  measure  and  now  the  soil  is  miore  difficult  to  work,  washes 
badly,  runs  together,  and  bakes  more.  Unless  the  moisture  conditions  are  very 
favorable,  the  ground  plows  up  cloddy,  and  unless  well-distributed  rains  follow, 
a  good  seed  bed  is  difficult  to  produce.  The  clods  may  remain  all  season. 
Much  plant  food  is  locked  up  in  them  and  thus  made  unavailable,  so  that  the 
best  results  cannot  be  obtained.  This  condition  of  poor  tilth  may  become  seri- 
ous if  the  present  methods  of  management  continue ;  it  is  already  one  of  the  fac- 
tors that  limit  crop  yields.  The  remedy  is  to  increase  the  organic-matter  con- 
tent by  plowing  under  every  available  icrm  of  vegetable  material,  such  as  farm 
manure,  corn  stalks,  straw,  clover,  stubble,  and  even  weeds. 

The  deficiency  of  organic  matter  in  the  soils  is  shown  by  the  way  the  fall- 
plowed  land  runs  together  during  the  winter.  Much  more  work  is  required  to 
produce  a  seed  bed  than  was  formerly  the  case.  The  result  is  that  com  is  fre- 
quently planted  in  poorly  prepared  seed  beds  and  as  a  consequence  it  '* fires" 
badly.  Fall-plowed  land  should  be  disked  early  and  deep  for  the  purpose  of 
conserving  moisture,  increasing  temperature,  and  making  plant  food  available. 

The  addition  of  fresh  organic  matter  is  not  only  of  great  value  in  improving 
the  physical  condition  of  this  type  of  soil,  but  it  is  of  even  greater  importance 
because  of  its  nitrogen  content  and  because  of  its  power,  as  it  decays,  to  lib- 
erate potassium  from  the  inexhaustible  supply  in  the  minerals  of  the  soil  and 
phosphorus  from  the  phosphate  contained  in  or  applied  to  the  soil. 

For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  be  applied  liberally,  and  sufficient  organic  matter  should  be  pro- 
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vided  to  furnish  the  necessary  amount  of  nitrogen.  On  the  ordinary  type, 
limeetone  is  already  becoming  deficient.  An  application  of  two  tons  of  lime- 
stone and  one-half  ton  of  fine-ground  rock  phosphate  per  acre  every  four  yeara, 
with  the  return  to  the  soil  of  all  manure  made  from  a  rotation  of  com,  corn, 
oats,  and  clover,  will  maintain  the  fertility  of  this  type,  altho  heavier  applica- 
tions of  phosphate  may  well  be  made  during  the  first  two  or  three  rotations, 
and  the  first  application  of  limestone  may  well  be  four  tons  per  acre.  If  grain 
farming  is  practiced,  the  rotation  may  be  wheat,  corn,  oats,  and  clover,  with  an 
extra  seeding  of  clover  (preferably  sweet  clover)  as  a  cover  crop  in  the  wheat, 
to  be  plowed  under  late  in  the  fall  or  in  the  following  spring  for  com;  and  most 
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of  the  crop  residues,  including  the  clover  chaff  from  the  seed  crops,  should 
also  be  plowed  under.  In  either  system,  alfalfa  may  be  grown  on  a  fifth  field 
and  moved  every  five  years,  the  hay  being  fed  or  sold.  In  live-stock  farming, 
the  regular  rotation  may  be  extended  to  five  or  six  years  by  seeding  both  timothy 
and  clover  with  the  oats,  and  pasturing  one  or  two  years.  Alsike  may  well  re- 
place red  clover  at  times,  in  order  to  avoid  clover  sickness.  (For  results  secured 
in  field  experiments  on  brown  silt  loam,  see  the  preceding  pages.) 

Black  Clay  Loam  (1120,  or  920  on  Moraines) 

Black  day  loam  represents  the  flat  prairie.  It  is  sometimes  called  "gumbo" 
because  of  its  sticky  character.  Its  formation  in  the  flat,  poorly  drained  areas 
is  due  to  the  accumulation  of  organic  matter  and  to  the  washing  in  of  clay  and 
fine  silt  from  the  slightly  higher  adjoining  lands.  This  type  occupies  176,47 
square  miles  (112,940  acres),  or  17.86  percent  of  the  entire  area  of  the  county. 
It  is  so  flat  that  dredge  ditches  and  tile  drainage  are  often  required  to  solve 
one  of  the  most  difficult  problems  in  its  management. 

'  The  surface  soil,  0  to  6%  inches,  is  a  black,  plastic,  granular  clay  loam, 
varying  locally  to  a  black,  clayey  silt  loam.  It  contains,  on  an  average,  6.3 
percent  of  organic  matter,  or  63  tons  per  acre,  but  it  varies  considerably  from 
this  average.  In  physical  composition,  this  stratum  varies  somewhat  as  it  grades 
into  other  types.  As  it  passes  toward  brown  silt  loam,  which  nearly  always 
surrounds  it,  it  becomes  more  silty.  In  some  of  the  former  sloughs,  the  water 
or  floating  ice  has  carried  considerable  small  gravel  which  has  been  deposited 
in  sufficient  abundance  over  small  areas  to  form  a  gravelly  black  clay  loam. 

The  subsurface  stratum  has  a  thickness  of  10  to  16  inches  and  varies  from 
a  black  to  a  brownish  gray  clay  loam,  usually  somewhat  heavier  than  the  sur- 
face soil.    The  average  amount  of  organic  matter  is  2.8  percent,  or  56  tons  per 
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acre.  The  lower  part  of  this  stratum  frequently  is  a  drab  or  yellowish  Jtab  silty 
clay.  The  stratum  is  quite  pervious  to  water,  owing  to  the  jointing  or  checking 
from  shrinkage  in  times  of  drouth  and  to  the  action  of  crayfish  and  other  animals. 

The  subsoil  to  a  depth  of  40  inches  varies  from  a  drab  to  a  yellowish  drab 
silty  clay.  As  a  rule,  the  iron  is  not  highly  oxidized,  because  of  poor  drainage 
and  lack  of  aeration.  Concretions  of  carbonate  of  lime  are  frequently  found. 
The  perviousness  of  the  subsoil  is  about  the  same  as  that  of  the  subsurface  and 
is  due  to  the  same  causes.  When  thrown  out  on  the  surface  where  wetting  and 
drying  may  take  place,  the  subsoil  soon  breaks  into  small  cubical  masses.  Gravel 
is  frequently  present. 

Black  clay  loam  presents  many  variations.  In  Champaign  county  as  else- 
where, the  boundary  lines  between  it  and  the  brown  silt  loam  are  not  always  dis- 
tinct. In  some  areas  topography  is  a  great  help  in  locating  the  boundary,  but 
in  other  places  there  may  be  an  intermediate  zone  of  greater  or  less  width. 
The  washing  in  of  silty  material  from  the  surrounding  higher  lands,  especially 
near  the  edges  of  the  areas,  modifies  the  character  of  the  soil,  giving  the  surface 
d  silty  chlaracter.  This  change  is  taking  place  more  rapidly  now,  with  the  an- 
nual cultivation  of  the  soil,  than  formerly,  when  washing  was  largely  pre- 
vented by  prairie  grasses.  Part  of  the  areas  mapped  as  black  clay  loam  grade 
toward  drab  clay  loam,  the  black  soil  not  being  very  deep,  and  passing  into  a 
drab  or  yellowish  drab  color  at  a  depth  of  10  to  14  inches. 

Occasional  small  patches  of  alkali  soil  occur  in  the  black  clay  loam  areas. 
These  spots  are  indicated  by  the  fact  that  oats  lodge  badly  and  com  makes  a  poor 
growth,  usually  turning  greenish  yellow,  yellow,  or  brown.  If  the  amount  of 
alkali  is  large,  the  com  may  not  grow  over  two  or  three  feet  high  and  presents  a 
bushy  appearance.  If  it  reaches  almost  normal  height,  it  does  not  produce  much 
grain.  This  condition  is  due  to  an  excess  of  injurious  carbonates  in  the  soil. 
The  remedy  is  to  drain  the  land  thoroly  and  to  turn  under  horse  manure,  coarse 
stable  manure,  straw,  com  cobs,  or  green  manure.  The  straw  of  lodged  oats  may 
well  be  plowed  under  for  corn.  Drainage  is  the  first  requirement  in  the  man- 
agement of  this  type.  Altho  it  usually  has  but  little  slope,  yet  because  of  its 
perviousness  it  is  easily  tile-drained.  Keeping  the  soil  in  good  physical  condi- 
tion is  very  essential,  and  thoro  drainage  helps  to  do  this  to  a  great  extent. 
As  the  organic  matter  is  destroyed  by  cultivation  and  nitrification,  and  as  the 
limestone  is  removed  by  cropping  and  leaching,  the  soil  becomes  poorer  in  physi- 
cal condition,  and  as  a  consequence  it  becomes  more  diflScult  to  work.  Both  or- 
ganic matter  and  limestone  tend  to  develop  granulation.  The  former  should 
be  maintained  by  turning  under  manure  or  such  crop  residues  as  com  stalks  and 
straw,  and  by  the  use  of  clover  and  pasture  in  rotations.  Ground  limestone 
should  be  applied  when  needed  to  keep  the  soil  sweet.  It  should  be  remembered 
that  the  difficulty  of  working  clay  soils  is  in  proportion  to  their  deficiency  in 
organic  matter. 

While  black  clay  loam  is  one  of  the  best  soils  in  the  state,  yet  the  clay 
and  humus  which  it  contains  give  it  the  property  of  shrinkage  and  expansion  to 
such  a  degree  as  to  be  somewhat  objectionable  at  times,  especially  during  drouth. 
When  the  soil  is  wet,  these  constituents  expand,  and  when  the  moifture  evap- 
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orates  or  is  used  by  crops,  they  shrink.  This  results  in  the  formation  of  cracks, 
sometimes  as  much  as  two  or  more  inches  in  width  at  the  surface  and  extending 
with  lessening  width  to  two  or  three  feet  in  depth.  During  the  drouth  of  1914, 
the  cracks  were  so  large  and  deep  that  in  many  cases  a  one-inch  auger  could 
be  forced  into  them,  without  turning,  to  a  depth  of  more  than  two  feet.  These 
cracks  allow  the  soil  strata  to  dry  out  rapidly,  and  as  a  result  the  crop  is 
injured  thru  lack  of  moisture.  They  may  do  considerable  damage  by  '*  blocking 
out"  hills  of  com  and  severing  the  roots.  While  cracking  may  not  be  pre- 
vented entirely,  good  tilth  with  a  soil  mulch  will  do  much  toward  that  end. 
Both  for  aeration  and  for  producing  a  mulch  for  conserving  moisture,  cultivation 
is  more  essential  on  this  type  than  on  the  brown  silt  loam.  It  must  be  remem- 
bered, however,  that  cultivation  should  be  as  shallow  as  possible,  in  order  to 
prevent  injury  to  the  roots  of  the  com.  (See  Bulletin  181,  Soil  Moisture  and  Til- 
lage for  Com.) 

At  Urbana,  on  the  South  Farm  of  the  University  of  Illinois,  a  series  of  plots 
devoted  chiefly  to  variety  tests  and  other  crop-production  experiments  extends 
across  an  area  of  black  clay  loam.  Where  rock  phosphate  has  been  applied  at  the 
rate  of  500  pounds  an  acre  a  year  in  connection  with  crop  residues,  in  a  four- 
year  rotation  of  wheat,  com,  oats,  and  clover  (or  soybeans),  the  value  of  the 
increase  produced  per  ton  of  phosphate  has  been,  in  three  successive  rotation 
periods,  $3.04,  $6.71,  and  $9.26,  respectively,  at  the  lower  prices  for  produce, 
or  $4.26,  $9.40,  and  $12.96,  respectively,  at  the  higher  prices.  In  the  live-stock 
system,  the  phosphorus  naturally  supplied  in  the  manure,  supplemented  by  that 
liberated  from  this  fertile  soil,  has  thus  far  been  nearly  sufScient  to  meet  the 
crop  requirements;  the  increase  in  crop  values  per  ton  of  phosphate  applied 
having  been,  as  an  average  for  the  twelve  years,  only  $3.26  at  the  lower  prices, 
or  $4.52  at  the  higher  prices.  These  returns  are  less  than  half  the  cost  of  the 
phosphorus  applied,  and  in  some  seasons  no  benefit  appears. 

This  type  is  rich  in  magnesium  and  calcium,  and  in  the  Wisconsin  glaciation 
it  sometimes  contains  plenty  of  carbonates.  With  continued  cropping  and  leach- 
ing, applications  of  limestone  will  ultimately  be  needed. 

Drab  Clay  Loam  (1121) 

The  drab  clay  loam  occupies  9.58  square  miles  (6,131  acres),  or  .97  percent 
of  the  area  of  the  county.  The  topography  is  flat,  or  about  the  same  as  that  of 
the  black  clay  loam  (1120). 

The  surface  soil,  0  to  6%  inches,  is  a  clay  loam,  usually  a  little  heavier 
than  black  clay  loam  (1120),  but  not  so  dark  and  in  some  cases  it  may  have 
a  slightly  grayish  color.  The  organic-matter  content  averages  4.9  percent,  or  49 
tons  per  acre.  Typically  it  should  contain  about  4  percent,  but  it  grades  into 
black  day  loam,  and  this  increases  the  amount.  The  change  to  drab  clay  loam 
is  usually  noticeable  inunediately  beneath  the  surface  soil. 

The  subsurface  soil  is  a  stratum  of  indefinite  thickness,  owing  to  the  fact  that 
it  is  very  difficult  to  determine  where  the  natural  subsurface  ends  and  the 
subsoil  begins,  there  being  no  distinct  change  in  color  or  texture.  In  color  the 
subsurface  varies  from  a  brown  to  a  drab  or  olive ;  in  texture  it  is  a  plastic,  per- 
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vious  day  loam.  The  organic-matter  content  averages  46  tons  per  acre,  which 
is  less  than  for  either  black  clay  loam  or  brown  silt  loam. 

The  subsoil  is  a  dull  yellow  or  olive-colored  silty  clay.  Limestone  concre- 
tions sometimes  occur  in  this  stratum. 

In  general  this  type  should  receive  the  same  treatment  as  black  day  loam, 
except  that  greater  effort  should  be  made  to  maintain  the  content  of  organic 
matter,  since  this  type  is  lower  in  that  constituent. 

Brown-Gray  Loam  on  Tight  Clay  (928,  1128) 

Brown-gray  silt  loam  on  tight  day  occurs  in  small  areas  thruout  the  county, 
many  of  which  are  not  large  enough  to  be  shown  on  the  map.  The  total  area  is 
4.11  square  miles  (2,630  acres)  or  .42  percent  of  the  total  area  of  the  county. 
The  larger  areas  are  found  in  the  south-central  part  of  the  county,  near  the 
Embarrass  river.  This  type  occurs  as  a  shelf  between  the  overflow  land  and 
the  upland.  In  some  areas  it  is  underlain  by  a  stratum  of  gravd  at  a  depth  of 
five  to  seven  feet.  This  gravel  stratum  is  not  very  thick.  The  topography  is  flat 
and  natural  drainage  is  poor. 

The  surface  soil,  0  to  6%  inches,  is  a  grayish  brown  to  gray  silt  loam.  It 
varies  in  color  with  the  content  of  organic  matter.  Near  brown  silt  loam  it  is 
of  a  darker  color,  while  in  some  spots  it  is  gray.  This  stratum  contains  about 
3.3  percent  of  organic  matter,  or  33  tons  per  acre.  It  contains  some  flne  sand 
and  coarse  silt,  which  give  it  a  peculiar  mealy  or  floury  fed,  but  excellent  tex- 
ture. Some  medium-sized  gravel  are  found  that  have  been  brought  up  by 
crayfish. 

The  subsurface  soil,  6%  to  18  inches,  is  a  gray  to  a  yellowish  gray  silt  to 
silt  loam,  which  contains  1.2  percent  of  organic  matter.  This  stratum  is  very 
slowly  pervious  to  water. 

The  subsoil  is  a  gray  to  yellowish  gray  silt  to  clayey  silt,  a  little  less  per- 
vious, perhaps,  than  the  subsurface.  It  begins  at  a  depth  of  about  18  inches. 
When  dry,  this  stratum  becomes  very  hard  and  diflScult  to  remove,  except  with  a 
pick.    The  content  of  organic  matter  is  .6  percent. 

Naturally  this  soil  is  one  of  the  poorest  in  the  county,  being  wet  and  usually 
difficult  to  drain,  comparatively  low  in  organic  matter  and  fertility,  and  dedd- 
edly  acid.  The  first  requirement  is  drainage,  either  by  means  of  tile  or  surface 
ditches*.  The  lines  of  tile  must  be  placed  closer  together  than  in  any  other  type 
in  the  county.    The  distance  should  not  be  over  four  rods. 

This  soil  is  the  most  acid  of  all  the  types  in  the  county,  and  it  is  also  quite 
deficient  in  phosphorus  and  nitrogen.  It  should  have  an  initial  application  of 
about  four  tons  of  limestone  and  one  ton  of  rock  phosphate  per  acre.  After- 
ward about  one-half  these  amounts  for  each  rotation  will  maintain  the  supply, 
altho  the  heavier  applications  of  phosphate  may  well  be  continued  for  several 
rotations.  The  organic  matter  and  nitrogen  should  be  increased  in  every  prac- 
tical way,  such  as  by  turning  under  crop  residues,  manure,  and  dover.  Deep- 
rooting  crops  are  especially  beneficial  to  this  soil,  since  they  aid  drainage  and 
deeper  aeration.  For  this  reason,  mammoth  and  sweet  clovers  are  recom- 
mended for  this  type.  The  soil  runs  together  badly,  and  the  application  of 
limestone  and  the  increase  of  organic  matter  will  aid  in  preventing  this.    When 
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fall-plowed,  the  soil  becomes  packed  by  spring  almost  as  hard  as  it  was  before 
plowing.  About  the  only  advantages  of  fall  plowing  are  that  it  turns  under  the 
oi^anic  matter  so  that  it  is  partly  decomposed  by  the  time  the  crop  is  put  in, 
and  that  it  permits  earlier  working  in  the  spring. 

Broum  Sandy  Loam  (1160) 

Brown  sandy  loam  occupies  only  557  acres,  or  .09  percent  of  the  area  of 
the  county.  It  occurs  in  small  areas  in  the  east-central  part  of  the  county 
representing  old  beach  or  shore  lines  of  a  temporary  lake.  The  sand  was  blown 
np  into  low  dunes  that  now  constitute  the  sandy  loam. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam,  varying  in  sand 
content  as  well  as  in  color.  The  tops  of  the  low  dunes  or  ridges  are  generally 
more  sandy  than  the  sides,  owing  to  the  fact  that  the  fine  material  has  been 
washed  away.  For  the  same  reason  the  soil  of  these  ridges  is  lighter  in  color. 
This  atratnm  contains  about  2.5  percent,  or  25  tons  of  organic  matter  per  acre. 

The  subsurface  soil,  6%  to  15  inches,  is  a  light  brown  sandy  loam  with  1.9 
percent  of  organic  matter,  or  38  tons  per  acre. 

The  subsoil  varies  from  a  yellow  clayey  silt  to  a  yellow  sand. 

This  type  is  a  very  good  soil,  but  it  is  low  in  nitrogen  and  distinctly  acid. 
For  its  marked  and  profitable  improvement  liberal  use  should  be  made  of  lime- 
stone and  legume  crops.  While  the  soil  is  not  rich  in  phosphorus  on  the  per- 
centage basis,  it  is  so  porous  that  it  affords  a  deep  feeding  range  for  plant  roots, 
and  hence  additional  supplies  of  phosphorus  are  not  likely  to  be  profitable  until 
the  present  supply  is  reduced. 


Platk  12. — ErriCT  or  Bock  Phosphatb  and  Limestone  on  the  Ghowth  or  Gloveb  on 
Bbowk-Obat  Sn/r  Loam  on  TraHT  Clay.  The  Check  Strip  on  the  Left  is  Covekgd  With 
Orass  anp  Wbeds,  the  Ci«teb  Havino  Failed  Almost  Entieelt 
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(b)     Upland  Timber  Soils 

The  upland  timber  soils  usually  occur  along  streams,  altho  two  excep- 
tions are  found  in  Champaign  county  where  forests  exist  remote  from  streams. 
Timber  soils  are  characterized  by  a  yellow,  yellowish  gray,  or  gray  color,  due  to 
their  low  organic-matter  content  resulting  from  the  long-continued  growth  of 
forest  trees.  As  the  forests  invaded  the  prairies,  two  effects  were  produced: 
(1)  the  shading  by  the  trees  prevented  the  growth  of  prairie  grasses,  the  roots 
of  which  are  mainly  responsible  for  the  large  amount  of  organic  matter  in 
prairie  soils;  (2)  the  trees  themselves  added  very  little  organic  matter  to  the 
soil,  for  the  leaves  and  fallen  branches  either  decayed  completely  or  were  burned 
by  forest  fires.  As  a  result  the  organic-matter  content  has  been  reduced  to  a 
low  percentage. 

Yellow-Gray  Silt  Loam  (934,  1134) 

Yellow-gray  silt  loam  occurs  in  the  outer  timber  belts  along  streams  and 
in  the  less  rolling  of  the  timbered  morainal  areas.  The  type  covers  45.16  square 
miles  (28,902  acres),  or  4.57  percent  of  the  entire  area  of  Champaign  county. 
In  topography  it  is  suflSciently  rolling  for  good  surface  drainage,  without  much 
tendency  to  wash  if  proper  care  is  taken. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow,  yellowish  gray,  gray  or  brown- 
ish gray  silt  loam,  having  a  floury  feel.  The  more  nearly  level  areas  are  gray  in 
color,  while  the  more  rolling  phase  of  the  type  has  a  yellow  or  brownish  yellow 
color.  As  the  type  approaches  brown  silt  loam,  it  becomes  decidedly  darker.  The 
organic-matter  content  averages  2.2  percent,  or  22  tons  per  acre,  but  it  varies 
considerably  with  topography.  As  the  type  approaches  brown  silt  loam,  the 
organic-matter  content  amounts  to  as  much  as  2.5  percent,  while  as  it  approaches 
yellow  silt  loam,  it  diminishes  to  as  low  as  1.6  percent.  In  some  places  it  is 
difficult  to  draw  the  line  between  long-cultivated  brown  silt  loam  and  yellow- 
gray  silt  loam,  because  of  the  gradation  between  the  types. 

The  subsurface  stratum  varies  from  3  to  10  inches  in  thickness.  It  is  usually 
a  gray,  grayish  yellow,  or  yellow  silt  loam,  somewhat  pulverulent,  but  becom- 
ing more  coherent  and  plastic  with  depth.  The  organic-matter  content  is  about 
.9  percent,  or  18  tons  per  acre. 

The  subsoil  is  a  yellow  or  mottled  grayish  yellow,  clayey  silt  or  silty  day, 
somewhat  plastic  when  wet,  but  friable  when  only  hioist,  and  pervious  to  water. 

Owing  to  the  removal  by  erosion  of  part  of  the  loessial  material,  glacial 
drift  is  sometimes  encountered  at  a  depth  of  less  than  40  inches.  The  glacial 
drift  may  be  locally  a  very  gravelly  deposit,  but  usually  it  is  a  slightly  grav- 
elly clay. 

A  few  small,  level  areas  of  a  light  gray  color  occur  in  this  type,  and 
here  a  tight  and  more  or  less  compact  clayey  layer  is  found  at  a  depth  of  16 
to  24  inches.  None  of  these  areas,  however,  are  large  enough  to  be  shown  on 
the  map.    Consequently  they  are  included  in  the  yellow-gray  silt  loam. 

In  the  manaj^ement  of  this  yellow-gray  silt  loam,  one  of  the  most  essential 
points  is  the  maintaining  or  the  increasing  of  organic  matter.  This  is  necessary 
in  order  to  supply  nitrogen  and  liberate  mineral  plant  food,  to  give  better  tilth, 
to  prevent  ** running  together,*'  and  on  some  of  the  more  rolling  phases  to 
prevent  washing. 
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Another  essential  is  that  the  acidity  of  the  soil  be  neutralized  by  the  appli- 
cation of  ground  limestone,  so  that  clover,  alfalfa,  and  other  legumes  may  be 
grown  more  successfully.  The  initial  application  may  well  be  4  or  5  tons  per 
acre,  after  which  2  tons  per  acre  every  four  or  five  years  will  be  sufiScient.  Since 
the  soil  is  poor  in  phosphorus,  this  element  should  be  applied,  preferably  in 
connection  with  farm  manure  or  clover  plowed  under.  In  permanent  systems 
of  farming,  fine-ground  natural  rock  phosphate  will  be  found  the  most  econ- 
omical form  in  which  to  supply  the  phosphorus,  altho  when  prices  are  normal 
steamed  bone  meal  or  acid  phosphate  may  well  be  used  temporarily  until  plenty 
of  decaying  organic  matter  can  be  provided. 

For  definite  results  from  the  most  practical  field  experiments  upon  typical 
yellow-gray  silt  loam,  we  must  go  down  into  ''Egypt,"  where  the  people  of 
Saline  county,  especially  those  in  the  vicinity  of  Raleigh  and  Galatia,  have  pro- 
vided the  University  with  a  very  suitable  tract  of  this  type  of  soil  for  a  per- 
manent experiment  field.  There,  as  an  average  of  duplicate  trials  each  year 
for  the  four  years  1910  to  1913,  the  crop  values  from  four  acres  were  $27.99 
from  untreated  land,  $28.80  where  organic  manures  were  applied  in  proportion 
to  the  amount  of  crops  produced,  $50.07  where  6  tons  per  acre  of  limestone  and 
organic  manures  were  applied,  and  $51.66  with  organic  manures,  limestone  and 
rock  phosphate — ^the  wheat,  com,  oats,  and  clover  (or  cowpeas  or  soybeans) 
grown  in  the  rotation  being  valued  at  the  lower  prices  heretofore  mentioned. 
The  corresponding  values  for  the  next  four  years*  were  $22.35  with  no  soil 
enrichment,  $29.22  with  organic  matter,  $54.37  with  limestone  and  organic  mat- 
ter, and  $57.27  with  organic  matter,  limestone,  and  rock  phosphate. 

Owing  to  the  low  supply  of  organic  matter,  phosphorus  produced  almost 
no  benefit,  as  an  average,  during  the  early  years;  but,  with  increasing  appli- 
cations of  organic  matter,  the  effect  of  phosphorus  may  become  more  apparent 
in  subsequent  crops.  Of  course  the  full  benefit  of  a  four-year  rotation  cannot 
be  realized  during  the  first  four  years.  The  farm  manure  was  applied  to  one 
field  each  year,  beginning  with  1911,  and  the  fourth  field  received  no  manure 
until  the  first  year  of  the  second  rotation.  Likewise,  crop  residues  plowed  under 
during  the  first  rotation  may  not  be  fully  recovered  in  subsequent  increased 
yields  until  the  second  or  third  rotation  period. 

More  recently  the  people  of  White  county  have  furnished  the  University 
with  a  tract  of  yellow-gray  silt  loam  near  Enfield,  on  which  experiments  have 
been  started.  The  crop  values  from  four  acres,  as  an  average  of  the  first  four 
years  (1913-1916),  were  $24.64  from  unfertilized  land,  $28.25  with  organic 
manures,  $39.10  with  manures  and  limestone,  and  $45.10  with  manures,  lime- 
stone, and  rock  phosphate;  and  the  corresponding  average  values  for  1917 
were  $30.58  with  no  treatment,  $35.08  with  organic  manures,  $83.35  with  ma- 
nures and  limestone,  and  $89.91  with  manures,  limestone,  and  phosphate.  (These 
values  are  based  on  the  higher  prices  mentioned  above  and  with  the  exceptions 
noted,  are  the  averages  of  data  from  two  systems  of  farming,  which  include  the 
use  of  farm  manure  in  one  and  of  green  manures  and  crop  residues  in  the  other.) 

"While  limestone  is  the  material  first  needed  for  the  economic  improvement 
of  the  more  acid  soils  of  southern  Illinois,  with  organic  manures  and  phosphorus 


*Wlieat  was  destroyed  by  hail  in  1915,  and  the  test  for  legumes  for  1916  is  not  in  duplicate. 
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to  follow  in  order,  the  less  acid  soils  of  the  central  part  of  the  state  are  first 
in  need  of  phosphorus,  altho  organic  matter  and  limestone  must  also  be  pro- 
vided for  permanent  and  best  results. 

Table  13  shows  in  detail  thirteen  years'  results  from  the  Antioch  soil  ex- 
periment field  located  in  Lake  county  on  the  yellow-gray  silt  loam  of  the  late 
Wisconsin  glaciation.  In  acidity  this  type  in  Champaign  county  is  intermediate 
between  the  similar  soils  in  Saline  or  White  and  Lake  counties,  but  no  experi- 
ment field  has  been  conducted  on  this  important  soil  type  in  the  early  Wisconsin 
glaciation,  in  which  Champaign  county  is  located. 

The  Antioch  field  was  started  in  order  to  learn  as  quickly  as  possible  what 
effect  would  be  produced  by  the  addition  to  this  type  of  soil,  of  nitrogen,  phos- 
phorus, and  potassium,  singly  and  in  combination.  These  elements  were  all 
added  in  commercial  form  until  1911,  after  which  the  use  of  commercial  nitro- 
gen was  discontinued  and  crop  residues  were  substituted  in  its  place.  (See 
report  of  Urbana  field,  page  9,  for  further  explanations.)  Only  a  small  amount 
of  lime  was  applied  at  the  beginning,  in  harmony  with  the  teaching  which  was 
common  at  that  time ;  furthermore.  Plot  101  proved  to  be  abnormal,  so  that  no 
conclusions  can  be  drawn  Regarding  the  effect  of  lime.  In  order  to  ascertain 
the  effect  produced  by  additions  of  the  different  elements  singly,  Plot  102  must 
be  regarded  as  the  check  plot.  Three  other  comparisons  are  also  possible  to 
determine  the  effect  of  each  element  under  different  conditions. 

As  an  average  of  forty  tests  (four  each  year  for  ten  years),  liberal  applica- 
tions of  commercial  nitrogen  produced  a  slight  decrease  in  crop  values ;  but  as  an 
average  of  thirteen  years  each  dollar  invested  in  phosphorus  paid  back  $2.59 
(Plot  104),  while  potassium  applied  in  addition  to  phosphorus  (Plot  108)  pro- 
duced no  increase,  the  crops  being  valued  at  the  lower  prices  used  in  the  tabular 
statement.  Thus,  while  the  detailed  data  show  great  variation,  owing  both  to 
some  irregularity  of  soil  and  to  some  very  abnormal  seasons,  with  three  almost 
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None, 
lime. 


Plot  Soil  treatment  applied 

TOl  ^~~ 

m 

103 
104 

1061 

107 

J08 

109  Lime,  nitrooen,  phosphorus,  ^taasium, 
1101  Nitrogen,  pnoepnorus,  potassimn 


Lime,  nitrogen. .. 
lime,  phosphorus, 
Lime,  potassium. . 


Total  value  of 
thirteen  crops 


Lower 
prices^ 


$193.03 
171.06 


178716 
288.85 
198.40 


iime,  nitrogen,  phosphorus. . 
Lime,  nitrogen,  potassium . . . 
108|Lime,  phosphorus,  potassium 


256.31 
190.77 
287.65 


273.18 
280.88 


Higher 
prices^ 


$270.24 
239.48 


249.40 
404.40 
277.76 


358.82 
267.08 
402.70 


382.44 
393.24 


Value  of  Licrease  per  Acre  in  Thirteen  Years 


For  nitrogen 

For  phosphorus 

For  nUrogen  and  phosphorus  over  phosphorus 

For  pho$phorti8  and  mtrogen  over  nitrogen 

For  poioitium,  mtrogen,  and  phosphorus  over  nitrogen  and  phosphorus. 


$  7.09 

117.79 

-32.54 

78.16 

16.87 


$  9.92 
164.92 
-45.68 
109.42 
23.62 


^Wheat  at  $1  a  bushel,  com  at  50  cents,  oats  at  40  cents,  haj  at  $10  a  ton. 
'Wheat  at  $1.40  a  bushel,  com  at  70  cents,  oats  at  56  cents,  hay  at  $14  a  ton. 
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complete  crop  failures  (1904,  1907,  and  1910),  yet  the  general  sununary  strongly 
confirms  the  analytical  data  in  showing  the  need  of  applying  phosphorus, 
the  profit  from  its  use,  and  the  loss  in  adding  potassium.  In  most  cases  com- 
mercial nitrogen  damaged  the  small  grains  by  causing  the  crop  to  lodge ;  but  in 
those  years  when  a  com  yield  of  40  bushels  or  more  was  secured  by  the  appli- 
cation of  phosphorus  either  alone  or  with  potassium,  then  the  addition  of  nitrogen 
produced  an  increase. 

From  a  comparison  of  the  results  from  the  Urbana,  Sibley,  and  Blooming- 
ton  fields,  we  must  conclude  that  better  yields  are  to  be  secured  by  providing 
nitrogen  by  means  of  farm  manure  or  legume  crops  grown  in  the  rotation  than 
by  the  use  of  commercial  nitrogen,  which  is  evidently  too  readily  available,  caus- 
ing too  rapid  growth  and  consequent  weakness  of  straw;  and  of  course  the 
atmosphere  is  the  most  economical  source  of  nitrogen  where  that  element  is 
needed  for  soil  improvement  in  general  farming.  (See  Appendix  for  detailed 
discussion  of  "Permanent  Soil  Improvement.") 

Yellow  sat  Loam  (935,  1135) 

Yellow  silt  loam  covers  3.06  square  miles  (1,958  acres)  and  constitutes  .31 
percent  of  the  entire  area  of  the  county.  It  occurs  as  hilly  and  badly  eroded 
land  on  the  inner  timber  belts  adjacent  to  the  streams,  usually  only  in  narrow, 
irregular  strips  with  arms  extending  up  the  small  valleys.  In  topography  it  is 
very  rolling,  and  in  most  places  so  badly  broken  that  it  should  not  be  cultivated 
because  of  the  danger  of  injury  from  washing. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  or  grayish  yellow,  pulverulent 
silt  loam.  It  varies  greatly  in  color  and  texture,  owing  to  recent  washing. 
In  places  the  natural  subsoil  may  be  exposed.  This  exposure  gives  the  surface 
a  decidedly  yellow  color.  When  freshly  plowed  the  soil  appears  yellow  or  brown- 
ish yellow,  but  when  it  becomes  dry  after  a  rain,  it  is  of  a  grayish  color.  In 
some  places  the  surface  soil  is  formed  from  glacial  drift,  but  this  is  only  on 
very  limited  areas  and  on  the  steepest  slopes.  The  organic-matter  content  is 
the  lowest  of  any  type  in  the  county,  averaging  only  1.5  percent,  or  15  tons  per 
acre. 

The  subsurface  varies  from  a  yellow  silt  loam  to  a  yellow  clayey  silt  loam, 
and  on  the  steepest  slopes  may  consist  of  weathered  glacial  drift.  The  thickness 
of  the  stratum  varies  from  5  to  12  inches,  depending  on  the  amount  of  recent 
erosion.    The  organic-matter  content  amounts  to  only  12  tons  per  acre. 

The  subsoil  consists  normally  of  a  yellow  clayey  silt,  but  in  some  areas  it 
may  be  composed  entirely  of  glacial  drift. 

The  first  and  most  important  thing  in  the  management  of  this  type  is  the 
prevention  of  general  surface  washing  and  gullying.  If  the  land  is  cropped  at 
all,  a  rotation  should  be  practiced  that  will  require  a  cultivated  crop  as  little 
as  possible  and  allow  pasture  and  meadow  most  of  the  time.  If  tilled,  the  land 
should  be  plowed  deeply  and  contours  should  be  followed  as  nearly  as  possible 
in  plowing,  planting,  and  cultivating.  Furrows  should  not  be  made  up  and 
down  the  slopes.  Every  means  should  be  employed  to  maintain  and  increase 
the  organic-matter  content.    This  will  help  hold  the  soil  and  keep  it  in  good  phys- 
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ical  condition  so  that  it  will  absorb  a  large  amount  of  water  and  thus  diminish 
the  mn-off . 

Additional  treatment  recommended  for  this  yellow  silt,  loam  is  the  liberal 
use  of  limestone. wherever  cropping  is  practiced.  This  type  is  quite  acid;  and 
the  limestone,  by  correcting  the  acidity  of  the  soil,  is  especially  beneficial  to 
the  clover  grown  to  increase  the  supply  of  nitrogen.  Where  this  type  has  been 
long  cultivated  and  thus  exposed  to  surface  washing,  it  is  particularly  deficient 
in  nitrogen ;  indeed,  on  such  lands  the  low  supply  of  nitrogen  is  the  factor  that 
first  limits  the  growth  of  grain  crops.  This  fact  is  very  strikingly  illustrated 
by  the  results  from  two-pot  culture  experiments  reported  in  Tables  15  and  16, 
and  shown  photographically  in  Plates  13  and  14. 

In  one  experiment,  a  large  quantity  of  the  typical  worn  hill  soil  was  col- 
lected from  two  different  places.  Each  lot  of  soil  was  thoroly  mixed  and  put 
in  ten  four-gallon  jars.  Wheat  was  planted  in  one  series  and  oats  in  the  other. ^ 
Ground  limestone  was  added  to  all  the  jars  except  the  first  and  last  in  each  set, 
those  two  being  retained  as  control,  or  check  pots.  The  elements  nitrogen,  phos- 
phorus, and  potassium  were  added  singly  and  in  combination,  as  shown  in 
Table  15. 

As  an  average  the  nitrogen  applied  produced  a  yield  about  eight  times  as 
large  as  that  secured  without  the  addition  of  nitrogen.  While  some  variations 
in  yield  were  to  be  expected,  because  of  differences  in  the  individuality  of  seed 
or  other  uncontrolled  causes,  yet  there  is  no  doubting  the  plain  lesson  taught  by 
these  actual  trials  with  growing  plants. 

The  question  arises  next,  where  is  the  farmer  to  secure  this  much-needed 
nitrogen?  To  purchase  it  in  commercial  fertilizers  would  cost  too  much ;  indeed, 
under  average  conditions  the  cost  of  the  nitrogen  in  such  fertilizers  is  greater 
than  the  value  of  the  increase  in  crop  yields. 

But  there  is  no  need  whatever  to  purchase  nitrogen,  for  the  air  contains  an 
inexhaustible  supply  of  it,  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.  Clover,  alfalfa,  cow- 
peas,  and  soybeans  are  not  only  worth  raising  for  their  own  sake,  but  they  have 
the  power  to  secure  nitrogen  from  the  atmosphere  if  the  soil  contains  the  essential 
minerals  and  the  proper  nitrogen-fixing  bacteria. 

In  order  to  secure  further  information  along  this  line,  another  experiment 
with  pot  cultures  was  conducted  for  several  years  with  the  same  type  of  worn 
hill  soil  as  that  used  for  wheat  in  the  former  experiment.  The  results  are  re- 
ported in  Table  16. 

To  three  pots  (Nos.  3,  6,  and  9)  nitrogen  was  applied  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  the  crops  produced.  In 
three  other  pots  (Nos.  2,  11,  and  12)  a  crop  of  cowpeas  was  grown  during  the 
late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were  planted. 
Pots  1  and  8  served  for  important  comparisons.  After  the  second  cover  crop  of 
cowpeas  had  been  turned  under,  the  yield  from  Pot  2  exceeded  that  from  Pot  3 ; 
and  in  the  subsequent  years  the  legume  green  manures  produced,  as  an  average, 
rather  better  results  than  the  commercial  nitrogen.    This  experiment  confirms 
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—Wheat  in  Pot-Cdltuhk  Expebiucnt  with  Yellow  Silt  Loam  oi-  Worn  Hili, 
Land     (See  Table  15) 


—Chop  Yields  i 


Pot-Culture  Experiments  i 
Worn  Hill  Land 
(Oratna  per  pot) 

Soil  treatment  applied 


:  Yellow  Silt  Loau  of 


None 

Limeetone. . 


Limestone,  nitrogen 

Limestone,  phosphorus 

Limestone,  potassium 

Limestone,  nitrogen,  phonphoruB. 
Limestone,  nitrogen,  potassium. . 
Limeatone,  phoaphoras,  potasslni 


Average  gain  for  nitrogen .  - 


that  reported  in  Table  15  in  showing  the  very  great  need  of  nitrogen  for  the 
improvement  of  this  type  of  soil, — and  it  also  shows  that  nitrogen  need  not  be 
purchased  but  that  it  can  be  obtained  from  the  air  by  growing  legume  crops  and 
plowing  them  under  as  green  manure.  Of  course  the  soil  can  be  very  markedly 
improved  by  feeding  the  legume  crops  to  live  stock  and  returning  the  resulting 
farm  manure  to  the  land,  if  legumes  are  grown  frequently  enough  and  if  the  farm 
manure  produced  is  sufficiently  abundant  and  is  saved  and  applied  with  care. 
As  a  rule,  it  is  not  advisable  to  try  to  enrich  this  type  of  soil  in  phosphorus, 
for  with  erosion,  which  is  sure  to  occur  to  some  extent,  the  phosphorus  supply  will 
be  renewed  from  the  subsoil. 

Probably  the  best  legumes  for  this  type  of  soil  are  sweet  clover  and  alfalfa. 
On  soil  deficient  in  organic  matter  sweet  clover  grows  better  than  almost  any 
other  legnme,  and  the  fact  that  it  is  a  very  deep-rooting  plant  makes  it  of  valoe 
in  increasing  organic  matter  and  preventing  washing.  Worthless  slopes  that 
have  been  ruined  by  washing  may  be  made  profitable  as  pasture  by  growing  sweet 
clover.    The  blue  grass  of  pastures  may  well  be  supplemented  by  sweet  clover 
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PLiTK  14. — Wheat  i 


POT-CULTUSS  EXPEBIMENT  WITH  YELLOW   SiLT  LOAIt  OF   WOBN   HiLL 

Land    (See  Table  16) 


Table  16. — Csop  Yields  in  Pot-Cultusb  Expebimbnt  with  Yellow  Silt  Loau 
Hill  Land  and  NiTBOOEN-FtxiNQ  Qbeen  Manube  Crops 


-PS- 

Soil  treatment 

1903 
Wheat 

1H04 

Wlieat 

1905 
Wheat 

1906 
Wheat 

190T 
Oat* 

S 

1(1 
14 
16 

4 
17 
19 
20 

4 
26 
20 
21 

4 
19 
18 
19 

IS 

SO 

17 
26 

31 
3 

14 

20 
34 
S 

15 
18 
21 
5 

9 

16 
20 
3 

9 
S 

26 
7 

and  alfalfa,  and  a  larger  growth  obtained,  because  the  legumes  provide  tlie  neces- 
suy  nitrogen  for  the  blue  grass. 

To  get  alfalfa  well  started  reqnires  the  liberal  use  of  limestone,  tboro  inoca- 
latioD  with  the  proper  nitrogen-fixitig  bacteria,  and  a  moderate  application  of 
farm  manure.  If  manure  is  not  available,  it  is  well  to  apply  about  500  ponnds  per 
acre  of  acid  phosphate  or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if 
possible,  and  then  plow  it  under.  The  limestone  (about  5  tons)  should  be  applied 
after  plowing  and  should  be  mixed  with  the  surface  soil  in  the  preparation  of  the 
seed  bed.  The  special  purpose  of  this  treatment  is  to  g^ve  the  alfalfa  a  quick  start 
in  order  that  it  m&j  grow  rapidly  and  thus  protect  the  soil  from  washing. 


TeUow-Gray  Sandy  Loam  (1164) 

A  small  area  of  yellow-gray  sandy  loam,  comprizing  about  70  acres,  occurs 
near  Glover.    This  was  once  covered  with  forest  growth. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  to  yellowish  gray  sandy  loam, 
containing  1,7  percent  of  organic  matter,  or  17  tons  per  acre. 

The  subsurface  soil  is  a  yellow  sandy  loam  somewhat  variable  in  physical 
composition.    It  contains  .7  percent  of  organic  matter. 

The  subsoil  varies  from  a  yellow  clay  or  clayey  silt  to  a  sand. 
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For  the  improvement  of  this  type  of  soil,  ground  limestone  and  organic 
manures  are  the  only  materials  advised.  With  the  deep  feeding  range  aflforded 
the  plant  roots,  marked  improvement  can  be  made  without  the  addition  of 
phosphorus  or  potassium.  The  initial  application  of  ground  limestone  may  well 
be  4  or  5  tons  per  acre,  and  6  or  8  tons  will  give  still  better  results,  especially 
for  the  production  of  alfalfa  or  sweet  clover.  Of  course  large  use  should  be 
made  of  legume  crops.  Cowpeas  and  soybeans  are  both  good  crops  for  such  land ; 
they  may  be  grown  and  plowed  under  in  place  of  manure  in  preparing  the  land 
for  alfalfa  or  other  crops.  (See  also  pages  482-483  of  Bulletin  193,  ''Summary 
of  Illinois  Soil  Investigations,"  which  will  be  sent  upon  request.) 

(c)     Terrace  Sons 

Terrace  soils  were  formed  on  terraces  or  old  fills  in  valleys.  The  terraces 
owe  their  formation  generally  to  the  deposition  of  material  from  overloaded  and 
flooded  streams  during  the  melting  of  the  glaciers.  The  material  varied  from 
fine  to  coarse.  These  valleys  were  sometimes  filled  almost  to  the  height  of  the 
upland.  Later  the  streams  cut  down  thru  these  fills  and  developed  new  bottom, 
lands,  or  flood  plains,  at  a  lower  level,  leaving  part  of  the  old  fill  as  a  terrace. 
The  lowest  and  most  recently  formed  bottom  land  is  called  first  bottom.  The 
higher  land  no  longer  fiooded  (or  very  rarely  at  most)  is  generally  designated  as 
second  bottom.  Finer  material  later  deposited  on  this  sand  and  gravel  of  the 
fill  now  constitutes  the  soil.  The  terraces  in  Champaign  county  occur  mostly 
along  the  Salt  and  Middle  Fork,  but  there  are  small  areas  along  a  few  of  the 
other  streams. 

Yellow-Gray  SUt  Loam  over  Sand  or  Gravel  (1536) 

Yellow-gray  silt  loam  over  sand  or  gravel  occurs  in  comparatively  small 
areas  along  all  the  larger  streams.  The  total  area  is  2.71  square  miles  (1,734 
acres) ,  or  .27  percent  of  the  area  of  the  county.  The  topography  is  fiat  to  slightly 
rolling. 

The  surface  soil,  0  to  6%  inches,  is  a  grayish  yellow  to  brownish  yellow  silt 
loam,  sometimes  containing  a  perceptible  amount  of  sand.  It  is  pulverulent,  but 
not  granular.  It  contains  about  2.1  percent  of  organic  matter,  or  21  tons  per 
acre. 

The  subsurface  soil  is  a  yellow  to  brownish  yellow  silt  loam,  passing  into 
a  yellow  silt  at  12  to  14  inches.    It  contains  .7  percent  of  organic  matter. 

The  subsoil  is  a  yellow  silt,  pervious  and  friable.  The  depth  to  gravel  varies 
from  40  to  50  inches. 

This  type  is  well  drained.  The  liberal  use  of  ground  limestone  and  legume 
crops  is  most  important  in  its  management.  An  increase  of  organic  matter  is 
very  essential,  as  this  constituent  is  so  low  that  the  soil  "runs  together"  badly 
during  rains.    Phosphorus  must  also  be  applied  for  the  best  results. 

Brown  SUt  Loam  over  Sand  or  Gravel  (1527) 

Brown  silt  loam  over  sand  or  gravel  occurs  principally  in  the  northeastern 
part  of  the  county  along  the  Middle  Fork.    A  few  small  areas  are  found  along 
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the  Sangamon  and  Salt  Fork.  The  total  area  is  2.41  square  miles,  or  1,542  acres. 
The  depth  to  gravel  varies  from  four  to  five  feet,  while  the  stratum  of  gravel 
is  rarely  over  five  feet  thick.    The  topography  is  fiat  to  slightly  undulating. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  with  slightly  sandy 
local  patches.  It  is  not  so  dark  as  the  upland  brown  silt  loam,  having  only 
3.6  percent  of  organic  matter,  or  36  tons  per  acre. 

The  subsurface  is  a  pervious  light  brown  silt  loam,  changing  to  yellow  silt  at 
a  depth  of  16  inches. 

The  subsoil  is  a  yellow,  slightly  clayey  silt,  friable  and  pervious. 

The  treatment  needed  for  this  type  is  the  same  as  that  for  upland  brown  silt 
loam  (926, 1126). 

Brown  Sandy  Loam  (1560) 

The  area  of  brown  sandy  loam  terrace  is  only  44  acres.  It  is  lower  in  or- 
ganic-matter content  than  the  upland  type,  having  only  1.7  percent.  The  same 
suggestion  for  its  management  will  apply  as  for  upland  sandy  loam  (1160). 

* 

(d)     Swamp  and  Bottom-Land  Son^ 
Mixed  Loam  (1454) 

Mixed  loam  occurs  on  the  fiood  plains  along  the  courses  of  the  larger  streams 
in  Champaign  county.  With  each  fiood  deposits  of  sediment  are  left  on  these 
plains,  thus  renewing  the  soil.  The  total  area  of  this  type  is  23.43  square  miles 
(14,995),  or  2.37  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  black  to  brown  loam,  varying  from  a 
silt  loam  to  a  sandy  loam,  but  so  badly  mixed  that  it  is  impossible  to  indicate 
the  separate  areas  on  the  map.  Brown  silt  loam  usually  predominates.  The 
organic-matter  content  averages  5.3  percent,  or  53  tons  per  acre.  It  varies, 
however,  from  about  4.5  percent  to  6.5  percent.  The  surface  is  usually  in 
fine  tilth. 

The  subsurface  soil,  6%  to  20  inches,  varies  as  much  as  the  surface,  but  not 
necessarily  in  the  same  way.    It  contains  3.3  percent  of  organic  matter. 

The  subsoil  is  usually  much  lighter  than  the  subsurface,  but  sometimes  the 
dark  color  extends  almost  to  the  full  depth  of  40  inches.  The  average  amount 
of  organic  matter  is  1.2  percent.    All  strata  are  pervious  to  water. 

Most  of  this  type  in  the  county  is  in  pasture,  but,  where  the  areas  are 
sufficiently  large,  cropping  is  done,  mostly  to  com.  This  soil  is  usually  well 
supplied  with  plant  food,  and,  with  the  renewal  by  deposit  from  overfiow,  no 
other  soil  enrichment  is  advised. 

Deep  Peat  (1401) 

A  few  small  areas  of  deep  peat  aggregating  90  acres  are  mapped  in  Cham- 
paign county.  They  occur  in  low,  poorly  drained  areas  in  bottom  lands,  swamps, 
or  low  depressions  on  the  moraines.  With  a  single  exception,  they  occur  in  the 
northeastern  part  of  the  county  in  Townships  21  and  22  North,  and  Ranges 
10  and  11  East  of  3d  P.  M.,  and  14  West  of  2d  P.  M.  The  area  constituting 
the  exception  is  found  in  Section  26,  Township  20  North,  Range  9  East,  in  what 
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Table  17. — Corn  YnoLDs  in  Soil  Expkrucbnts,  Manito  Fobld;  Ttpical  Dbsp  Peat  Soii. 

(Bushels  per  acre) 


Ploti 
No. 

1 

2 


Soil  treatment 
for  1902 


None 
None 


4 
5 


6 


7 
8 
9 


10 


Kainit,  600  lbs 

jKainit,  OOOlbs.... 
/  Addulat'd  bone,350 
Potassium  chlorid. 
200  lbs 


llMf 


Com 
1902 


10.9 
10.4 


Sodium  cblorid,  700  lbs. . 


Sodium  chlorid,  700 

Kainit,  600  lbs 

Kainit,  300  lbs 


lbs.. 


None, 


30.4 
30.3 

31.2 


11.1 


13.3 
36.8 
26.4 


Com 
1903 


8.1 
10.4 


32.4 
33.3 

33.9 


13.1 


14. 9> 


14.5 
37.7 
25.1 


Soil  treatment 
for  1904 

None 


Limestone,  4000  lbs. . . 


V  Limestone,  4000  lbs. .  / 

I  Kainit,  1200  lbs ( 

3  Kainit,  1200  lbs i 

^  Steamed  bone,395  lbs.  ( 
Potassium  chlorid, 
400  lbs 


None, 


Kainit,  1200  lbs, 
Kainit,  600 lbs.. 
Kainit,  300  lbs.. 


14.9 


None 


Com 
1904 

Com 
1905 

17.0 
12.0 

12.0 
10.1 

49.6 
53.5 

48.5 

47.3 
47.6 

52.7 

24.0 

22.1 

44.5 
44.0 
41.5 

47.3 
46.0 
32.9 

26.0 

13.6 

Four 
crops 

48.0 
42.9 

159.7 
164.7 


166.3 
70.3 

164.5 
125.9 

69.4 


^Estimated  from  1903;  no  yield  was  taken  in  1902  because  of  a  misunderstanding. 

was  early  known  as  the  Prairie  Springs,  and  these  springs  were  undoubtedly 
responsible  for  the  formation. 

The  surface  soil,  0  to  6%  inches,  is  black  peat,  generally  well  decomposed. 
About  60  percent  of  organic  matter  is  present,  or  300  tons  per  acre. 

The  subsurface  is  similar  to  the  surface,  but  it  is  usually  higher  in  organic 
matter. 

The  subsoil  varies  a  great  deal.  In  some  cases  the  deeper  subsoil  passes 
into  a  drab  clay.  All  strata  frequently  contain  fragments  of  shells  mixed  with 
the  organic  matter. 

Drainage  is  of  first  importance  with  this  type.  This  in  many  cases  is  rather 
difficult  to  secure  because  tiles  cannot  be  laid  to  good  advantage  in  peat  on  account 
of  irregular  settling  and  the  consequent  displacement  of  the  line.  This  difficulty 
may  be  partly  overcome  by  placing  the  tiles  upon  boards  laid  in  the  bottom  of 
the  ditch,  altho  such  a  system  cannot  be  regarded  as  permanent. 

Where  thoro  drainage  can  be  provided,  either  by  the  above  method,  by  open 
ditches,  or  by  laying  tiles  deep  enough  to  secure  a  solid  bed  for  them,  very 
marked  improvement  can  be  made  in  the  productive  power  of  deep  peat  by  the 
liberal  use  of  potassium,  which  is  by  far  the  most  deficient  element. 

In  Table  17  are  given  results  obtained  from  the  Manito  (Mason  county) 
experiment  field  on  deep  peat,  which  was  begun  in  1902  and  discontinued  after 
1905.  The  plots  in  this  field  were  one  acre^  each  in  size,  2  rods  wide  and  80  rods 
long.  Untreated  half -rod  division  strips  were  left  between  the  plots,  which  how- 
ever were  cropped  the  same  as  the  plots. 

The  results  of  the  four  years'  tests,  as  given  in  Table  17,  are  in  complete 
harmony  with  the  information  furnished  by  the  chemical  composition  of  peat  soil. 
Where  potassium  was  applied,  the  yield  was  from  three  to  four  times  as  large 
as  where  nothing  was  applied.  Where  approximately  equal  money  values  of 
kainit  and  potassium  chlorid  were  applied,  slightly  greater  yields  were  obtained 
with  the  potassium  chlorid,  which,  however,  supplied  about  one-third  more  potas- 
sium than  the  kainit.  On  the  other  hand,  either  material  furnished  more  potas- 
sium than  was  required  by  the  crops  produced. 


*In  1904  the  yields  were  taken  from  quarter-acre  plots  because  of  severe  insect  injury  on 
the  other  parts  of  the  field. 
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The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no  appre- 
ciable increase  over  the  best  untreated  plots,  indicating  that  where  potassium 
is  itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 

Applications  of  2  tons  per  acre  of  ground  limestone  produced  no  increase 
in  the  com  crops,  either  when  applied  alone  or  in  combination  with  kainit,  either 
the  first  year  or  the  second. 

Reducing  the  application  of.  kainit  from  600  to  300  pounds  for  each  two- 
year  period,  reduced  the  yield  of  com  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  com  (grain  and  stalks). 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  between  the 
yield  of  Plot  9  (125.9  bushels)  and  the  yield  obtained  from  Plot  2  (42.9  bushels), 
the  poorest  untreated  plot. 

Farm  manures  and  crop  residues  also  contain  sufficient  potassium  to  make 
their  use  very  effective  on  deep  peat  soil ;  and  with  prohibitive  prices  for  com- 
mercial potash  salts,  farm  manure,  com  stalks,  straw,  etc.,  must  be  utilized  for  the 
improvement  of  such  soils. 

Medium  Peat  on  Clay  (1402) 

One  area  of  medium  peat,  19  acres  in  extent,  was  found  in  Champaign  county. 
The  peat  is  about  sixteen  inches  in  depth,  underlain  by  a  black  to  drab  clay.  The 
surface  soil  contains  34  percent  of  organic  matter,  or  170  tons  per  acre. 

If  this  type  is  not  productive  when  well  drained,  it  may  be  improved  by 
extra  deep  plowing,  by  which  process  the  more  clayey  material  can  be  reached ; 
otherwise  the  use  of  manure  or  commercial  potassium  is  advised.  (See  treatment 
recommended  for  Deep  Peat.) 
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APPENDIX 

A  study  of  the  soil  map  and  the  tabular  statements  concerning  crop  require- 
ments, the  plant-food  content  of  the  different  soil  types,  and  the  actual  results 
secured  f ron^  definite  field  trials  with  different  methods  or  systems  of  soil  im- 
provement, and  a  careful  study  of  the  discussion  of  general  principles  and  of 
the  descriptions  of  individual  soil  types,  will  furnish  the  most  necessary  and  use- 
ful information  for  the  practical  improvement  and  permanent  preservation  of 
the  productive  power  of  every  kind  of  soil  on  every  farm  in  the  county. 

More  complete  information  concerning  the  most  extensive  and  important  soil 
types  in  the  great  soil  areas  in  all  parts  of  Illinois  is  contained  in  Bulletin  123, 
**The  Fertility  in  Illinois  Soils,"  which  contains  a  colored  general  soil-survey 
map  of  the  entire  state. 

Other  publications  of  general  interest  are : 

Bulletins 

76  Alfalfa  on  Ulinois  SoUs 

94  Nitrogen  Bacteria  and  Legumes 

115^  Soil  Improvement  for  the  Worn  Hill  Lands  of  Dlinois 
125  Thirty  Years  of  Crop  Rotation  on  the  Common  Prairie  Lands  of  Xllinois 

181  Soil  Moisture  and  Tillage  for  Corn 

182  Potassium  from  the  Soil 
190  Soil  Bacteria  and  Phosphates 

Circulars 

82  Physical  Improvement  of  Soils 

110  Ground  Limestone  for  Acid  Soils 

127  Shall  We  Use  Natural  Rock  Phosphate  or  Manufactured  Acid  Phosphate  for  the  Perma- 
nent Improvement  of  Illinois  Soils! 

129  The  Use  of  Commercial  Fertilizers 

149  Results  of  Scientific  Soil  Treatment:  Methods  and  Results  of  Ten  Years'  Soil  Investi- 
gation in  Illinois 

165  Shall  We  Use  ''Complete*'  Commercial  Fertilizers  in  the  Corn  Belt! 

167  The  Illinois  System  of  Permanent  Fertility 

181  How  Not  to  Treat  Illinois  Soils 

186  The  Illinois  System  of  Permanent  Fertility  from  the  Standpoint  of  the  Practical  Farm- 
er:    Phosphates  and  Honesty 

Note. — Information  as  to  where  to  obtain  limestone,  phosphate,  bone  meal,  and  potas- 
sium salts,  methods  of  application,  etc.,  will  also  be  found  in  Circulars  110  and  165. 

Soil  Survey  Methods 

The  detail  soil  survey  of  a  county  consists  essentially  of  ascertaining,  and 
indicating  on  a  map,  the  location  and  extent  of  the  diflferent  soil  types;  and, 
since  the  value  of  the  survey  depends  upon  its  accuracy,  every  reasonable  means 
is  employed  to  make  it  trustworthy.  To  accomplish  this  object  three  things  are 
essential:  first,  careful,  well-trained  men  to  do  the  work;  second,  an  accurate 
base  map  upon  which  to  show  the  results  of  the  work;  and,  third,  the  means 
necessarj'^  to  enable  the  men  to  place  the  soil-type  boundaries,  streams,  etc., 
accurately  upon  the  map. 

The  men  selected  for  the  work  must  be  able  to  keep  their  location  exactly 
and  to  recognize  the  different  soil  types,  with  their  principal  variations  and  lim- 
its, and  they  must  show  these  upon  the  maps  correctly.  A  definite  system  is 
employed  in  checking  up  this  work.  As  an  illustration,  one  soil  expert  will  sur- 
vey and  map  a  strip  80  rods  or  160  rods  wide  and  any  convenient  length,  while 
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his  associate  will  work  independently  on  another  strip  adjoining  this  area,  and, 
if  the  work  is  correctly  done,  the  soil  type  boundaries  will  match  up  on  the  line 
between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  mapping. 
The  base  maps  are  made  on  a  scale  of  one  inch  to  the  mile.  The  official  data 
of  the  original  or  subsequent  land  survey  are  used  as  a  basis  in  the  construction 
of  these  maps,  while  the  most  trustworthy  county  map  available  is  used  in 
locating  temporarily  the  streams,  roads,  and  railroads.  Since  the  best  of  these 
published  maps  have  some  inaccuracies,  the  location  of  every  road,  stream,  and 
railroad  must  be  verified  by  the  soil  surveyors,  and  corrected  if  wrongly  located. 
In  order  to  make  these  verifications  and  corrections,  each  survey  party  is  pro- 
vided with  a  plane  table  for  determining  directions  of  angling  roads,  railroads, 
etc. 

Each  surveyor  is  provided  with  a  base  map  of  the  proper  scale,  which  is 
carried  with  him  in  the  field ;  and  the  soil-type  boundaries,  ditches,  streams,  and 
necessary  corrections  are  placed  in  their  proper  locations  upon  the  map  while 
the  mapper  is  on  the  area.  Each  section,  or  square  mile,  is  divided  into  40-acre 
plots  on  the  map,  and  the  surveyor  must  inspect  every  ten  acres  and  determine 
the  type  or  types  of  soil  composing  it.  The  different  types  are  indicated  on  the 
map  by  different  colors,  pencils  for  this  purpose  being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  carried  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle,  while  distances  in  the  field  off 
the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become  expert  by 
practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a  degree  of  ac- 
curacy as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 

Soil  Characteristics 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more  or 
less  definite  characteristics.  The  line  of  separation  between  adjoining  types  is 
usually  distinct,  but  sometimes  one  type  grades  into  another  so  gradually  that 
it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

Several  factors  must  be  taken  into  account  in  establishing  soil  types.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  glacial,  loessial,  al- 
luvial, coUuvial,  or  cumulose;  (2)  the  topography,  or  lay  of  the  land ;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses ;  (4)  the  structure,  or  the  depth 
and  character  of  the  surface,  subsurface,  and  subsoil;  (5)  the  physical,  or  me- 
chanical composition  of  the  different  strata  composing  the  soil,  such  as  the  per- 
centages of  gravel,  sand,  silt,  clay,  and  organic  matter  which  they  contain;  (6) 
the  texture,  or  porosity,  granulation,  friability,  plasticity,  etc.;  (7)  the  color  of 
the  strata ;  (8)  the  natural  drainage ;  (9)  the  agricultural  value,  based  upon  its 
natural  productiveness;     (10)  the  ultimate  chemical  composition  and  reaction. 


ft 
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Tho  common  soil  constituents  are  indicated  in  the  following  outline: 

Organic  (  Comprizing  undecomposed  and  partially  decayed  veg- 

matter  \     etable  or  organic  material 


Soil 
constituents 


:  tineral 
matter 


Clay 001  mm.*  and  li 

Silt 001  mm.  to  03  mm. 

Sand 03  mm.  to  1.  mm. 

Gravel 1.  mm.  to  32  mm. 

^Stones 32.  mm.  and  oyer 


Further  discussion  of  these  constituents  is  given  in  Circular  82. 

Groups  of  Soil  Types 
The  following  gives  the  different  general  groups  of  soils : 

Peats — Consisting  of  35  percent  or  more  of  organic  matter,  sometimes  mixed  with  more 

or  less  sand  or  silt. 
Peaty  loama — Soils  with   15  to  35   percent  of  organic   matter  mixed  with  Qiuch  sand. 

Some  silt  and  a  little  clay  may  be  present. 

Muolc9 — Soils  with  15  to  35  percent  of  partly  decomposed  organic  matter  mixed  with 
much  clay  and  silt. 

Clays — Soils  with  more  than  25  percent  of  clay,  usually  mixed  with  much  silt. 

Clay  loams — Soils  with  from  15  to  25  percent  of  clay,  usually  mixed  with  much  silt  and 
some  sand. 

Silt  loams — Soils  with  more  than  50  percent  of  silt  and  less  than   15  percent  of  clay, 
mixed  with  some  sand.  • 

Loams — Soils  with  from  30  to  50  percent  of  sand  mixed  with  much  silt  and  a  little  clay. 

Sandy  loams — Soils  with  from  50  to  75  percent  of  sand. 

Fine  samdy  loams — ^oils  with  from  50  to  75  percent  of  fine  sand  mixed  with  much  silt 
and  a  little  clay. 

Sands — Soils  with  more  than  75  percent  of  sand. 

Gravtlly  looms — Soils  with  25  to  50  percent  of  gravel  with  much  sand  and  some  silt. 

Gravels — Soils  with  more  than  50  percent  of  gravel  and  much  sand. 

Stony  loams — Soils  containing  a  considerable  number  of  stones  over  one  inch  in  diameter. 

Bock  outcrotp — Usually  ledges  of  rock  having  no  direct  agricultural  value. 

More  or  less  organic  matter  is  found  in  all  the  above  groups. 

Supply  and  Liberation  of  Plant  Food 

The  productive  capacity  of  land  in  humid  sections  depends  almost  wholly 
upon  the  power  of  the  soil  to  feed  the  crop ;  and  this,  in  turn,  depends  both 
upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at  which 
it  is  liberated,  or  rendered  soluble  and  available  for  use  in  plant  growth.  Pro- 
tection from  weeds,  insects,  and  fungous  diseases,  tho  exceedingly  important,  is 
not  a  positive  but  a  negative  factor  in  crop  production. 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is  gov- 
erned by  many  factors,  some  of  which  may  be  controlled  by  the  farmer,  while 
others  are  largely  beyond  his  control.  Chief  among  the  important  controllable 
factors  which  influence  the  liberation  of  plant  food  are  limestone  and  decaying 
organic  matter,  which  may  be  added  to  the  soil  by  direct  application  of  ground 
limestone  and  farm  manure.  Organic  matter  may  be  supplied  also  by  green- 
manure  crops  and  crop  residues,  such  as  clover,  cowpeas,  straw,  and  com  stalks. 


*25  millimeters  equal  1  inch. 
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The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age  and  origin, 
and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows  correctly  the 
total  organic  carbon,  which  represents,  as  a  rule,  but  little  more  than  half  the 
organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the  plowed  soil  of 
an  acre  correspond  to  nearlj'  20  tons  of  organic  matter.  But  this  organic  matter 
consists  largely  of  the  old  organic  residues  that  have  accumulated  during  the 
past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of  clover  or  cow- 
peas  plowed  under  may  have  greater  power  to  furnish  or  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.  The  recent  history  of  the  in- 
dividual farm  or  field  must  be  depended  upon  for  information  concerning  recent 
additions  of  active  organic  matter,  whether  in  applications  of  farm  manure,  in 
legume  crops,  or  in  grass-root  sods  of  old  pastures. 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at 
the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same 
kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by 
the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field ;  and  the  fact 
should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illinois 
the  productive  power  of  the  land  depends  pinmarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

As  the  organic  matter  decays,  certain  decomposition  products  are  formed, 
including  much  carbonic  acid,  some  nitrous  acid,  and  various  organic  acids,  and 
these  have  power  to  act  upon  the  soil  and  dissolve  the  essential  mineral  plant 
foods,  thus  furnishing  soluble  phosphates,  nitrates,  and  other  salts  of  potassium, 
magnesium,  calcium,  etc.,  for  the  use  of  the  growing  crop. 

As  already  explained,  fresh  organic  matter  decomposes  much  more  rapidly 
than  old  humus,  which  represents  the  organic  residues  most  resistant  to  decay 
and  which  consequently  has  accumulated  in  the  soil  during  the  past  centuries. 
The  decay  of  this  old  humus  can  be  hastened  by  tillage,  which  maintains  a  porous 
condition  and  thus  permits  the  oxygen  of  the  air  to  enter  the  soil  more  freely 
and  to  effect  the  more  rapid  oxidation  of  the  organic  matter,  and  also  by  in- 
corporating with  the  old,  resistant  residues  some  fresh  organic  matter,  such  as 
farm  manure,  clover  roots,  etc.,  \^hich  decay  rapidly  and  thus  furnish,  or  lib- 
erate, organic  and  inorganic  food  for  bacteria,  the  bacteria,  under  such  favorable 
conditions,  appearing  to  have  power  to  attack  and  decompose  the  old  humus.  It 
is  probably  for  this  reason  that  peat,  a  very  inactive  and  inefficient  fertilizer 
when  used  by  itself,  becomes  much  more  effective  when  composted  with  fresh 
farm  manure ;  so  that  two  tons  of  the  compost*  may  be  worth  as  much  as  two 
tons  of  manure.    Bacterial  action  is  also  promoted  by  the  presence  of  limestone. 


•In  his  book,  **  Fertilizers, ' '  published  in  1839,  Cutbbert  W.  Johnson  reported  such  com- 
post to  have  been  much  used  in  England  and  to  be  valued  as  highly,  *  *  weight  for  weight,  as 
farmyard  dung.  *  * 
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The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter;  and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon  as 
nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  day  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil;  wJiile 
in  old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  of  nitrogen. 
Soils  of  cut-over  or  burnt-over  timber  lands  sometimes  contain  so  much  partially 
decayed  wood  or  charcoal  as  to  destroy  the  value  of  the  nitrogen-carbon  ratio 
for  the  purpose  indicated.  (Except  in  newly  made  alluvial  soils,  the  ratio  is 
usually  narrower  in  the  subsurface  and  subsoil  than  in  the  surface  stratum.) 

It  should  be  kept  in  mind  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is 
absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  agricultural  plants,  only  one  (hydrogen)  from  water,  and 
seven  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes),  in  case  the  amount  liberated  from  the  soil  is  insufficient;  but  even 
these  plants  (which  include  only  the  clovers,  alfalfa,  peas,  beans,  and  vetches, 
among  our  common  agricultural  plants)  secure  from  the  soil  alone  six  elements 
(phosphorus,  potassium,  magnesium,  calcium,  iron,  and  sulfur),  and  also  utilize 
the  soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period 
of  growth. 

Plants  are  made  of  plant-food  elements  in  just  the  same  sense  that  a  build- 
ing is  made  of  wood  and  iron,  brick,  stone,  and  mortar.  Without  materials, 
nothing  material  can  be  made.  The  normal  temperature,  sunshine,  rainfall,  and 
length  of  season  in  central  Illinois  are  sufficient  to  produce  50  bushels  of  wheat 
per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover  hay ;  and, 
where  the  land  is  properly  drained  and  properly  tilled,  such  crops  would  fre- 
quently be  secured  if  the  plant  foods  were  present  in  sufficient  amounts  and 
liberated  at  a  sufficiently  rapid  rate  to  meet  the  absolute  needs  of  the  crops. 

Crop  Requiremen'cs 

The  accompanying  table  shows  the  requirements  of  wheat,  com,  oats,  and 
clover  for  the  five  most  important  plant-food  elcjments  which  the  soil  must  fur- 
nish. (Iron  and  sulfur  are  supplied  normally  in  sufficient  abundance  compared 
with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit  the 
yield  of  general  farm  crops  grown  under  normal  conditions.) 

To  be  sure,  these  are  large  yields,  but  shall  we  try  to  make  possible  the 
production  of  yields  only  a  half  or  a  quarter  as  large  as  these,  or  shall  we  set  as 
our  ideal  this  higher  mark,  and  then  approach  it  as  nearly  as  possible  with 
profit?  Among  the  four  crops,  com  is  the  largest,  with  a  total  yield  of  more 
than  six  tons  per  acre;  and  yet  the  100-bushel  crop  of  corn  is  often  produced 
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Tablb  A.^Plaiw  Food  in  Wheat,  Corn,  Oatb,  and  Clovbb 


Produce 

Nitro- 
gen . 

Phos- 
phorus 

Potas- 
sium 

Magne- 
sium 

Cal- 

Kind 

Amount 

cium 

Wheat,  grain 

Wheat  straw 

Com,  grain 

Com  stov6r 

Com  oobs 

50  bu. 
23^  tons 

100  bu. 

3  tons 
)4  ton 

100  bu. 
2}^  tons 

4bu. 

4  tons 

lbs. 
71 
25 

100 

48 

2 

66 
31 

7 
160 

lb8. 

12 
4 

17 
6 

11 
5 

2 
20 

lbs. 
13 
45 

19 

52 

2 

16 
52 

3 
120 

lbs. 
4 
4 

7 
10 

4 
7 

1 
31 

lbs. 

1 

10 

1 
21 

Oats,  icrain 

2 

Oat  straw 

15 

CloYer  seed 

Cbver  hay 

1 
117 

Total  in  grain  and  se< 
Total  in  four  crops .  . 

3d 

244^ 
510^ 

42 

77 

51 
322 

16 
68 

4 

168 

^These  amounts  Include  the  nitrogen  contained  in  the  clover  seed  or  hay,  which,  how- 
ever, may  be  secured  from  the  air. 

on  rich  land  in  good  seasons.  In  very  practical  and  profitable  systems  of  farm- 
ing, the  Illinois  Experiment  Station  has  produced,  as  an  average  of  the  ten 
years  1906  to  1915,  a  yield  of  77  bushels  of  com  per  acre  in  grain  farming  (with 
limestone  and  phosphorus  applied,  and  with  crop  residues  and  legume  crops 
turned  under),  and  79  bushels  per  acre  in  live-stock  farming  (with  limestone 
phosphorus,  and  manure) . 

The  importance  of  maintaining  a  rich  surface  soil  cannot  be  too  strongly 
emphasized.  This  is  well  illustrated  by  data  from  the  Rothamsted  Experiment 
Station,  the  oldest  in  the  world.  On  Broadbalk  field,  where  wheat  has  been 
grown  since  1844,  the  average  yields  for  the  ten  years  1892  to  1901  were  12.3 
bushels  per  acre  on  Plot  3  (unfertilized)  and  31.8  bushels  on  Plot  7  (well  ferti- 
lized), but  the  amounts  of  both  nitrogen  and  phosphorus  in  the  subsoil  (9  to  27 
inches)  were  distinctly  greater  in  Plot  3  than  in  Plot  7,  thus  showing  that  the 
higher  yields  from  Plot  7  were  due  to  the  fact  that  the  plowed  soil  had  been 
enriched.  In  1893  Plot  7  contained  per  acre  in  the  surface  soil  (0  to  9  inches) 
about  600  pounds  more  nitrogen  and  900  pounds  more  phosphorus  than  Plot  3. 
Even  a  rich  subsoil  has  little  value  if  it  lies  beneath  a  worn-out  surface. 

Methods  op  Liberating  Plant  Pood 

Limestone  and  decaying  organic  matter  are  the  principal  materials  which 
the  farmer  can  utilize  most  profitably  to  bring  about  the  liberation  of  plant 
foQd.  The  limestone  corrects  the  acidity  of  the  soil  and  thus  encourages  the 
development  not  only  of  the  nitrogen-gathering  bacteria  which  live  in  the  nodules 
on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also  the  nitrifying 
bacteria,  which  have  power  to  transform  the  insoluble  and  unavailable  organic 
nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the  same  time,  the 
products  of  this  decomposition  have  power  to  dissolve  the  minerals  contained 
in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve  the  insoluble 
phosphate  and  limestone  which  may  be  applied  in  low-priced  forms.  Thus,  in 
the  conversion  of  sufficient  organic  nitrogen  into  nitrate  nitrogen  for  a  100-bushel 
crop  of  corn,  the  nitrous  acid  formed  is  alone  sufficient  to  convert  seven  times  as 
much  insoluble  tricalcium  phosphate  into  soluble  monocalcium  phosphate  as 
would  be  required  to  supply  the  phosphorus  for  the  same  crop. 
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Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant  food  by  permit- 
ting the  air  to  enter  the  soil  and  burn  out  the  organic  matter;  but  it  should 
never  be  forgotten  that  tillage  is  wholly  destructive,  that  it  adds  nothing  what- 
ever to  the  soil,  but  always  leaves  it  poorer.  Tillage  should  be  practiced  so 
far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  development  and 
also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unnecessary  and 
unprofitable  in  seasons  of  normal  rainfall;  and  it  is  much  better  actually  to 
enrich  the  soil  by  proper  applications  or  additions,  including  limestone  and 
organic  matter  (both  of  which  have  power  to  improve  the  physical  condition 
as  well  as  to  liberate  plant  food)  than  merely  to  hasten  soil  depletion  by  means 
of  excessive  cultivation. 

Permanent  Son^  Improvement 

The  best  and  most  profitable  methods  for  the  permanent  improvement  of 
the  common  soils  of  Illinois  are  as  follows : 

(1)  If  the  soil  is  acid,  apply  at  least  two  tons  per  acre  of  ground  lime- 
stone, preferably  at  times  magnesian  limestone  ({TaCOaMgCOa),  which  contains 
both  calcium  and  magnesium  and  has  slightly  greater  power  to  correct  soil 
acidity,  ton  for  ton,  than  the  ordinary  calcium  limestone  (CaCOj) ;  and  continue 
to  apply  about  two  tons  per  acre  of  ground  limestone  every  four  or  five  years. 
On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa,  five  tons  per  acre 
of  ground  limestone  may  well  be  used  for  the  first  application. 

(2)  Adopt  a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  and 
increase  the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops 
and  other  crop  residues  (straw  and  corn  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  what  will  prove  to  be  the 
best  rotation  of  crops,  because  of  variation  in  farms  and  farmers  and  in  prices 
for  produce,  but  the  following  are  suggested  to  serve  as  models  or  outlines: 

First  year,  com. 

Second  year,  com. 

Third  year,  wheat  or  oats  (with  clover  or  clover  and  grass). 

Fourth  year,  clover  or  olover  and  grass. 

Fifth  year,  wheat  and  clover  or  grass  and  clover. 

Sixth  year,  clover  or  clover  and  grass. 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  gro\\Ti  the  third  and  fifth  years,  most  of  the 
coarse  products  should  be  returned  to  the  soil,  and  the  clover  may  bfe  clipped 
and  left  on  the  land  or  returned  after  threshing  (only  the  clover  seed  being  sold 
the  fourth  and  sixth  years)  ;  or,  in  live-stock  farming,  tho  field  may  be  used 
three  years  for  timothy  and  clover  pasture  and  meadow  if  desired.  The  system 
may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the  second  or  the 
sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and  sixth  years. 

With  two  years  of  corn,  followed  by  oats  with  clover-seeding  the  third  year, 
and  by  clover  the  fourth  year,  all  produce  can  be  used  for  feed  and  bedding  if 
other  lane  is  available  for  permanent  pasture.  Alfalfa  may  be  grown  on  a  fifth 
field  for  f(  ur  or  eight  years,  which  is  to  be  alternated  with  one  of  the  four;  or 
the  alfalfa  may  be  moved  every  five  years,  and  thus  rotated  over  all  five  fields 
every  twenty-five  years. 
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Other  four-year  rotations  more  suitable  for  grain  farming  are : 

Wheat  (and  clover),  corn,  oats,  and  clover j  or  com  (and  clover),  cowpeas,  wheat,  and 
clover.  (Alfalfa  may  be  grown  on  a  fifth  field  and  rotated  every  five  years,  the 
hay  being  sold.) 

Good  three-year  rotations  are : 

Com,  oats,  and  clover;  corn,  wheat,  and  clover;  or  wheat  (and  clover),  com,  (and  clover), 
and  cowpeas,  in  which  two  cover  crops  and  one  regular  crop  of  legumes  are  grown 
in  three  years. 

A  five-year  rotation  of  (1)  com  (and  clover),  (2)  cowpeas,  (3)  wheat, 
(4)  clover,  and  (5)  wheat  (and  clover)  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

For  the  best  production  of  seed  in  grain  farming,  alsike,  sweet  clover,  or 
mammoth  clover  may  well  be  grown.  To  avoid  clover  ** sickness''  it  may  some- 
times be  necessary  to  substitute  sweet  clover  or  alsike  for  red  clover  in  about 
every  third  rotation,  and  at  the  same  time  to  discontinue  its  use  in  the  cover-crop 
mixture.  If  the  corn  crop  is  not  too  rank,  cowpeas  or  soybeans  may  also  be 
used  as  a  cover  crop  (seeded  at  the  last  cultivation)  in  the  southern  part  of  the 
state,  and,  if  necessary  to  avoid  disease  (such  as  cowpea  wilt)  these  may  alternate 
in  successive  rotations. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats  (grain  and  straw)  requires  one  pound  of  nitrogen. 

1  bushel  of  corn  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 

1  bushel  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 

1  ton  of  timothy  requires  24  pounds  of  nitrogen. 

1  ton  of  clover  contains  40  pounds  of  nitrogen. 

1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 

1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops. 

Soils  of  moderate  productive  power  will  furnish  as  much  nitrogen  to  clover 
(and  two  or  three  times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and 
stubble.  In  grain  crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the 
nitrogen  is  contained  in  the  grain  and  one- third  in  the  straw  or  stalks.  (See 
also  discussion  of  **The  Potassium  Problem,'^  on  pages  following.) 

(3)  On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to 
serious  erosion  by  surface  washing  or  gullying)  apply  that  element  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops 
desired  to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently from  one-half  ton  to  one  ton  per  acre  every  four  or  five  years  should  be 
applied,  at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000 
pounds  per  acre,  which  may  require  a  total  application  of  from  three  to  five  or 
six  tons  per  acre  of  raw  phosphate  containing  12  to  14  percent  of  the  element 
phosphorus. 
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Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  phosphorus  delivered  in  Illinois  has 
normally  cost  about  3  cents  a  pound  in  raw  phosphate  (direct  from  the  mine  in 
carload  lots),  but  10 to  12  cents  a  pound  in  steamed  bone  meal  and  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase  by  farm- 
ers in  carload  lots,  which  is  not  the  case  with  limestone  or  raw  phosphate. 

Phosphorus  once  applied  to  the  soil  remains  in  it  until  removed  in  crops, 
unless  carried  away  mechanically  by  soil  erosion.  (The  loss  by  leaching  is  only 
about  1^  pounds  per  acre  per  annum,  so  that  more  than  150  years  would  be 
required  to  leach  away  the  phosphorus  applied  in  one  ton  of  raw  phosphate.) 

The  phosphate  and  limestone  may  be  applied  at  any  time  during  the  rota- 
tion, but  a  good  method  is  to  apply  the  limestone  after  plowing  and  work  it  into 
the  surface  soil  in  preparing  the  seed  bed  for  wheat,  oats,  rye,  or  barley,  where 
clover  is  to  be  seeded ;  while  phosphate  is  best  plowed  under  with  farm  manure, 
clover,  or  other  green  manures,  which  serve  to  liberate  the  phosphorus. 

(4)  Until  the  supply  of  decaying  organic  matter  has  been  made  adequate, 
on  the  poorer  types  of  upland  timber  and  gray  prairie  soils  some  temporary 
benefit  may  be  derived  from  the  use  of  a  soluble  salt  or  a  mixture  of  salts,  such 
as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble. form  and 
also  some  common  salt  (sodium  chlorid).  About  600  to  800  pounds  per  acre  of 
kainit  applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve 
the  phosphorus  as  well  as  to  furnish  available  potassium  and  magnesium,  and 
for  a  few  years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic 
matter,  but  the  evidence  thus  far  secured  indicates  that  its  use  is  not  absolutely 
necessary  and  that  it  will  not  be  profitable  after  adequate  provision  is  made  for 
supplying  decaying  organic  matter,  since  this  will  necessitate  returning  to  the 
soil  the  potassium  contained  in  the  crop  residues  from  grain  farming  or  the 
manure  produced  in  live-stock  farming,  and  will  also  provide  for  the  liberating 
of  potassium  from  the  soil.  (Where  hay  or  straw  is  sold,  manure  should  be 
bought,  as  a  rule.) 

On  soils  which  are  subject  to  surface  washing,  including  especially  the 
yellow  silt  loam  of  the  upland  timber  area,  and  to  some  extent  the  yellow-gray 
silt  loam  and  other  more  rolling  areas,  the  supply  of  minerals  in  the  subsurface 
and  subsoil  (which  gradually  renew  the  surface  soil)  tends  to  provide  for  a 
low-grade  system  of  permanent  agriculture  if  some  use  is  made  of  legume  plants, 
as  in  long  rotations  with  much  pasture,  because  both  the  minerals  and  the  nitro- 
gen are  thus  provided  in  some  amount  almost  permanently ;  but  where  such  lands 
are  farmed  under  such  a  system,  not  more  than  two  or  three  grain  crops  should 
be  grown  during  a  period  of  ten  or  twelve  years,  the  land  being  kept  in  pasture 
most  of  the  time ;  and  where  the  soil  is  acid  a  liberal  use  of  limestone,  as  top- 
dressings  if  necessary,  and  occasional  reseeding  with  clovers  will  benefit  both  the 
pasture  and  indirectly  the  grain  crops. 

Advantage  of  Crop  Rotation  and  Permanent  Systems 

It  should  be  noted  that  clover  is  not  likely  to  be  well  infected  with  the 
clover  bacteria  during  the  first  rotation  on  a  given  farm  or  field  where  it  has 
not  been  grown  before  within  recent  years;  but  even  a  partial  stand  of  clover 
the  first  time  will  probably  provide  a  thousand  times  as  many  bacteria  for  the 
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next  doyer  crop  as  one  could  afford  to  apply  in  artificial  inoculation,  for  a  single 
root-tubercle  may  contain  a  million  bacteria  developed  from  one  during  the  sea- 
son's  growth. 

This  is  only  one  of  several  advantages  of  the  second  course  of  the  rotation 

a 

over  the  first  course.  The  mere  practice  of  crop  rotation  is  an  advantage,  es- 
pecially in  helping  to  rid  the  land  of  insects  and  foul  grass  and  weeds.  Thie 
clover  crop  is  an  advantage  to  subsequent  crops  because  of  its  deep-rooting  char- 
acteristic. The  larger  applications  of  organic  manures  (made  possible  by  the 
larger  crops)  are  a  great  advantage ;  and  in  systems  of  permanent  soil  improve- 
ment, such  as  are  here  advised  and  illustrated,  more  limestone  and  more  phos- 
phorus are  provided  than  are  needed  for  the  meager  or  moderate  crops  pro- 
duced during  the  first  rotation,  and  consequently  the  crops  in  the  second  rota- 
tion have  the  advantage  of  such  accumulated  residues  (well  incorporated  with 
the  plowed  soil)  in  addition  to  the  regular  applications  made  during  the  second 
rotation. 

This  means  that  these  systems  tend  positively  toward  the  making  of  richer 
lands.     The  ultimate  analyses  recorded  in  the  tables  give  the  absolute  invoice 
of  these  Illinois  soils.     They  show  that  most  of  them  are  positively  deficient  only 
in  limestone,  phosphorus,  and  nitrogenous  organic  matter ;  and  the  accumulated 
information  from  careful  and  long-continued  investigations  in  different  parts  of 
the  United  States  clearly  establishes  the  fact  that  in  general  farming  these  essen- 
tials can  be  supplied  with  greatest  economy  and  profit  by  the  use  of  ground  nat- 
ural limestone,  very  finely  ground  natural  rock  phosphate,  and  legume  crops  to 
be  plowed  under  directly  with  other  crop  residues  or  in  farm  manure.     On  normal 
soils  no  other  applications  are  absolutely  necessary,  but,  as  already  explained, 
the  addition  of  some  soluble  salt  in  the  beginning  of  a  system  of  improvement 
on  some  of  these  soils  produces  temporary  benefit,  and  if  some  inexpensive  salt, 
such  as  kainit,  is  used,  it  may  produce  sufficient  increase  to  more  than  pay  the 
added  cost 

The  Potassium  Problem 

As  reported  in  Illinois  Bulletin  123,  where  wheat  has  been  grown  every  year 
for  more  than  half  a  century  at  Rothamsted,  England,  exactly  the  same  increase 
was  produced  (5.6  bushels  per  acre),  as  an  average  of  the  first  twenty-four  years, 
whether  potassium,  magnesium,  or  sodium  was  applied,  the  rate  of  application 
per  annum  being  200  pounds  of  potassium  sulfate  and  molecular  equivalents  of 
magnesium  sulfate  and  sodium  sulfate.  As  an  average  of  sixty  years  (1852  to 
1911),  the  yield  of  wheat  was  12.7  bushels  on  untreated  land  and  23.3  bushels 
where  86  pounds  of  nitrogen  and  29  pounds  of  phosphorus  per  acre  per  annum 
were  applied.  As  further  additions,  85  pounds  of  potassium  raised  the  yield  to 
31.3  bushels ;  52  pounds  of  magnesium  raised  it  to  29.2  bushels ;  and  50  pounds 
of  sodium  raised  it  to  29.5  bushels.  Where  potassium  was  applied,  the  wheat 
crop  removed  annually  an  average  of  40  pounds  of  that  element  in  the  grain  and 
straw,  or  three  times  as  much  as  would  be  removed  in  the  grain  only  for  such 
crops  as  are  suggested  in  Table  A.  The  Rothamsted  soil  contained  an  abundance 
of  limestone,  but  no  organic  matter  was  provided  except  the  little  in  the  stubble 
and  roots  of  the  wheat  plants. 
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On  another  field  at  Rothamsted  the  average  yield  of  barley  for  sixty  years 
(1852  to  1911)  was  14.2  bushels  on  untreated  land,  38.1  bushels  where  43  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  were  applied  per  acre  per  annum; 
while  the  further  addition  of  85  pounds  of  potassium,  19  pounds  of  magnesium, 
and  14  pounds  of  sodiimi  (all  in  sulfates)  raised  the  average  yield  to  41.5 
bushels.  Where  only  70  pounds  of  sodium  was  applied  in  addition  to  the 
nitrogen  and  phosphorus,  the  average  was  43.0  bushels.  Thus,  as  an  average 
of  sixty  years  the  use  of  sodium  produced  1.8  bushels  less  wheat  and  1.5  bushels 
more  barley  than  the  use  of  potassium,  with  both  grain  and  straw  removed  and 
no  organic  manures  returned. 

In  recent  years  the  effect  of  potassium  on  the  wheat  crop  is  becoming  much 
more  marked  than  that  of  sodium  or  magnesium ;  but  this  must  be  expected  to 
occur  in  time  where  no  potassium  is  returned  in  straw  or  manure  and  no  pro- 
vision made  for  liberating  potassium  from  the  supply  still  remaining  in  the  soil. 

If  the  wheat  straw,  which  contains  more  than  three-fourths  of  the  potassium 
removed  in  the  wheat  crop  (see  Table  A),  were  returned  to  the  soil,  the  neces- 
sity of  purchasing  potassium  in  a  good  system  of  farming  on  such  land  would 
be  at  least  very  remote,  for  the  supply  would  be  adequately  maintained  by  the 
actual  amount  returned  in  the  straw,  together  with  the  additional  amount  which 
would  be  liberated  from  the  soil  by  the  action  of  decomposition  products. 

While  about  half  the  potassium,  nitrogen,  and  organic  matter,  and  about 
one-fourth  the  phosphorus  contained  in  manure  is  lost  by  three  or  four  months' 
exposure  in  the  ordinary  pile  in  the  barn  yard,  there  is  practically  no  loss  if 
plenty  of  absorbent  bedding  is  used  on  cement  floors  and  if  the  manure  is  hauled 
to  the  field  and  spread  within  a  day  or  two  after  it  is  produced.  Again,  while 
in  average  live-stock  farming  the  animals  destroy  two-thirds  of  the  organic 
matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from  the  food  they 
consume,  they  retain  less  than  one-tenth  of  the  potassium;  so  that  the  actual 
loss  of  potassium  in  the  products  sold  from  the  farm,  either  in  grain  farming  or 
in  live-stock  farming,  is  wholly  negligible  on  land  containing  25,000  pounds  or 
more  of  potassium  in  the  surface  6%  inches. 

The  removal  of  one  inch  of  soil  per  century  by  surface  washing  (which  is 
likely  to  occur  wherever  there  is  satisfactory  surface  drainage  and  frequent  cul- 
tivation) will  permanently  maintain  the  potassium  in  grain  farming  by  renewal 
from  the  subsoil,  provided  one-third  of  the  potassium  is  removed  by  cropping 
before  the  soil  is  carried  away. 

From  all  these  facts  it  will  be  seen  that  the  potassium  problem  is  not  one 
of  addition  but  of  liberation ;  and  the  Rothamsted  records  show  that  for  many 
years  other  soluble  salts  have  practically  the  same  power  as  potassium  to  increase 
crop  yields  in  the  absence  of  sufficient  decaying  organic  matter.  Whether  this 
action  relates  to  supplying  or  liberating  potassium  for  its  own  sake,  or  to  the 
power  of  the  soluble  salt  to  increase  the  availability  of  phosphorus  or  other  ele- 
ments, is  not  knowTi,  but  where  much  potassium  is  removed,  as  in  the  entire  crops 
at  Rothamsted,  with  no  return  of  organic  residues,  probably  the  soluble  salt 
functions  in  both  ways. 

As  an  average  of  112  separate  tests  conducted  in  1907,  1908,  1909,  and  1910 
on  the  Fairfield  experiment  field  in  Wayne  county,  an  application  of  200  pounds 
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of  potassium  snlfate,  containing  85  pounds  of  potassium  and  costing  $5.10,  in- 
creased the  yield  of  corn  by  9.3  bushels  per  acre ;  while  600  pounds  of  kainit,  con- 
taining only  60  pounds  of  potassium  and  costing  $4,  gave  an  increase  of  10.7 
bushels.  Thus,  at  40  cents  a  bushel  for  corn,  the  kainit  paid  for  itself ;  but  these 
results,  like  those  at  Rothamsted,  were  secured  where  no  adequate  provision  had 
been  made  for  decaying  organic  matter. 

Additional  experiments  at  Fairfield  included  an  equally  complete  test  with 
potassium  sulfate  and  kainit  on  land  to  which  8  tons  per  acre  of  farm  manure 
was  applied.  As  an  average  of  112  tests  with  each  material,  the  200  pounds 
of  potassium  sulfate  increased  the  yield  of  corn  by  1.7  bushels,  while  the  600 
pounds  of  kainit  also  gave  an  increase  of  1.7  bushels.  Thus,  where  organic 
manure  was  supplied,  very  little  effect  was  produced  by  the  addition  of  either 
potassium  sulfate  or  kainit,  in  part  perhaps  because  the  potassium  removed  in 
the  crops  is  mostly  returned  in  the  manure  if  properly  cared  for,  and  perhaps 
in  larger  part  because  the  decaying  organic  matter  helps  to  liberate  and  hold 
in  solution  other  plant-food  elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  by  chemical  analysis  that  potassium  salts  and  most  other  soluble  salts 
increase  the  solubility  of  the  phosphorus  in  soil  and  in  rock  phosphate.;  also 
that  the  addition  of  glucose  with  rock  phosphate  in  pot-culture  experiments 
increases  the  availability  of  the  phosphorus,  as  measured  by  plant  growth,  altho 
the  glucose  consists  only  of  carbon,  hydrogen,  and  oxygen,  and  thus  contains 
no  plant  food  of  value,  but  its  decomposition  yields  organic  acids. 

If  we  remember  that,  as  an  average,  live-stock  destroy  two-thirds  of  the  or- 
ganic matter  of  the  food  they  consume,  it  is  easy  to  determine  from  Table  A  that 
more  organic  matter  will  be  supplied  in  a  proper  grain  system  than  in  a  strictly 
live-stock  system;  and  the  evidence  thus  far  secured  from  older  experiments  at 
the  University  and  at  other  places  in  the  state  indicates  that  if  the  com  stalks, 
straw,  clover,  etc.,  are  incorporated  \vith  the  soil  as  soon  as  practicable  after  they 
are  produced  (which  can  usually  be  done  in  the  late  fall  or  early  spring) ,  there 
is  little  or  no  difficulty  in  securing  sufficient  decomposition  in  our  humid  climate 
to  avoid  serious  interference  with  the  capillary  movement  of  the  soil  moisture, 
a  common  danger  from  plowing  under  too  much  coarse  manure  of  any  kind  in 
the  late  spring  of  a  dry  year. 

If,  however,  the  entire  produce  of  the  land  is  sold  from  the  farm,  as  in  hay 
farming  or  when  both  grain  and  straw  are  sold,  of  course  the  draft  on  potas- 
sium will  then  be  so  great  that  in  time  it  must  be  renewed  by  some  sort  of  appli 
cation.  As  a  rule,  farmers  following  this  practice  ought  to  secure  manure  from 
town,  since  they  furnish  the  bulk  of  the  material  out  of  which  manure  is  pro- 
duced. 

Calcium  and  Magnesium 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium;  and  with 
these  elements  we  must  also  consider  the  loss  by  leaching.  As  an  average  of  90 
analyses^  of  Illinois  well-waters  drawn  chiefly  from  glacial  sands,  gravels,  or  till, 

^Beported  by  Doctor  Bartow  and  associates,  of  the  Illinois  State  Water  Survey. 
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3  million  pounds  of  water  (about  the  average  annual  drainage  per  acre  for 
Illinois)  contained  11  pounds  of  potassium,  130  of  magnesium,  and  330  of  cal- 
cium. These  figures  are  very  significant,  and  it  may  be  stated  that  if  the  plow^ed 
soil  is  well  supplied  with  the  carbonates  of  magnesium  and  calcium,  then  a  very 
considerable  proportion  of  these  amounts  will  be  leached  from  that  stratum. 
Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at  Rothamsted,  England, 
where  the  soil  contains  plenty  of  limestone,  has  averaged  more  than  300  pounds 
a  year  as  determined  by  analyzing  the  soil  in  1865  and  again  in  1905.  Prac- 
tically the  same  amount  of  calcium  was  found,  by  analyses,  in  the  Rothamsted 
drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCOg),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  are  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  was  applied 
at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years  amount- 
ed to  780  pounds  per  acre.  The  definite  data  f I'om  careful  investigations  seem  to 
be  ample  to  justify  the  conclusion  that  where  limestone  is  needed  at  least  2  tons 
per  acre  should  be  applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  four  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an 
acre.  (See  Soil  Report  No.  1.)  Thus  limestone  has  a  positive  value  on  some 
soils  for  the  plant  food  which  it  supplies,  in  addition  to  its  value  in  correcting 
soil  acidity  and  in  improving  the  physical  condition  of  the  soil.  Ordinary  lime- 
stone (abundant  in  the  southern  and  western  parts  of  the  state)  contains  nearly 
800  pounds  of  calcium  per  ton ;  while  a  good  grade  of  dolomitic  limestone  (the 
more  common  limestone  of  northern  Illinois)  contains  about  400  pounds  of  cal- 
cium and  300  pounds  of  magnesium  per  ton.  Both  of  these  elements  are  fur- 
nished in  readily  available  form  in  ground  dolomitic  limestone. 

Physical  Improvement  of  Soii^ 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Not  only  does  it  impart  good  tilth  to  the  soil,  but  it  prevents 
much  loss  by  washing  on  rolling  land,  warms  the  soil  by  absorption  of  heat,  re- 
tains moisture  during  drouth,  and  prevents  the  soil  from  running  together  badly ; 
and  as  it  decays  it  furnishes  nitrogen  for  the  crop  and  aids  in  the  liberation  of 
mineral  plant  food.  This  constituent  must  be  supplied  to  the  soil  in  every  prac- 
tical way,  so  that  the  amount  may  be  maintained  or  even  increased.  It  is  being 
broken  down  during  a  large  part  of  the  year,  and  the  nitrates  produced  are  used 
for  plant  growth.  This  decomposition  is  necessary,  but  it  is  also  quite  necessary 
that  the  supply  be  maintained. 

The  physical  effect  of  organic  matter  in  the  soil  is  to  produce  a  granulation, 
or  mellowness,  very  favorable  for  tillage  and  the  development  of  plant  roots.  If 
continuous  cropping  takes  place,  accompanied  with  the  removal  or  the  destruc- 
tion of  the  com  stalks  and  straw,  the  amount  of  organic  matter  is  gradually 
diminished  and  a  condition  of  poor  tilth  will  ultimately  follow.    In  many  cases 
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this  already  limits  the  crop  yields.  The  remedy  is  to  increase  the  organic-matter 
content  by  plowing  under  manure  or  crop  residues,  such  as  com  stalks,  straw, 
and  clover.  Selling  these  products  from  the  farm,  burning  them,  or  feeding 
them  and  not  returning  the  manure,  or  allowing  a  very  large  part  of  the  manure 
to  be  lost  before  it  is  returned  to  the  land,  all  represent  bad  practice. 

One  of  the  chief  sources  of  loss  of  organic  matter  in  the  corn  belt  is  the 
practice  of  burning  the  com  stalks.  Could  the  farmers  be  made  to  realize  how 
great  a  loss  this  entails,  they  would  certainly  discontinue  the  practice.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true  that  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  after  partial  decomposition  is  exactly  what  is  needed  in 
the  maintenance  of  an  adequate  supply  of  humus.  The  nitrogen  in  a  ton  of  corn 
stalks  is  iy2  times  that  in  a  ton  of  manure,  and  a  ton  of  dry  corn  stalks  in- 
corporated with  the  soil  will  ultimately  furnish  as  much  humus  as  4  tons  of 
average  farm  manure ;  but  when  burned,  both  the  humus-making  material  and 
the  nitrogen  which  these  stalks  contain  are  destroyed  and  lost  to  the  soil. 

The  objection  is  often  raised  that  when  stalks  are  plowed  under  they  inter- 
fere very  seriously  in  the  cultivation  of  com,  and  thus  indirectly  destroy  a  great 
deal  of  com.  If  com  stalks  are  well  cut  up  and  then  turned  under  to  a  depth 
of  5^  to  6  inches  when  the  ground  is  plowed  in  the  spring,  very  little  trouble 
will  result.  Where  com  follows  com,  the  stalks,  if  not  needed  for  feeding  pur- 
poses, should  be  thoroly  cut  up  with  a  sharp  disk  or  stalk  cutter  and  turned 
under.  Likewise,  the  straw  should  be  returned  to  the  land  in  some  practical 
way,  either  directly  or  as  manure.  Clover  should  be  one  of  the  crops  grown  in 
the  rotation,  and  it  should  be  plowed  under  directly  or  as  manure  instead  of 
being  sold  as  hay,  except  when  manure  can  be  brought  back. 

It  must  be  remembered,  however,  that  in  the  feeding  of  hay,  or  straw,  or 
com  stalks,  a  great  destruction  of  organic  matter  takes  place,  so  that  even  if  the 
fresh  manure  were  returned  to  the  soil,  there  would  still  be  a  loss  of  50  to  70 
percent  owing  to  the  destruction  of  organic  matter  by  the  animal.  If  manure  is 
allowed  to  lie  in  the  farmyard  for  a  few  weeks  or  months,  there  is  an  additional 
loss  which  amounts  to  from  one-third  to  two-thirds  of  the  manure  recovered 
from  the  animal.  Most  of  this  loss  occurs  within  the  first  three  or  four  months, 
when  fermentation,  or  *  *  heating, '  *  is  most  active.  To  obtain  the  greatest  value 
from  the  manure,  it  should  be  applied  to  the  soil  as  soon  as  it  is  produced. 

It  is  a  common  practice  in  the  corn  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  of  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing, 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  corn  or  oats,  it  neces- 
sarily suffers,  and  if  the  season  is  dry,  much  damage  may  result.  If  the  field  is 
put  in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if  cropping 
has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good  tilth. 
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2  Ifoultrie.  1911  7  McDonougJh  1913  12  Winnebago.  1916  17  Kane.  *  1917  ^ 
8  Hardin.  1912  8  Bond.  1913  13  Kanlcakee.  1916  18  Champaign.  1918  'i 
4  Sangamon.  1912  9  Lake.  1915  14  Tazewell.  1916  .1 
5LaSaII»    1913  10  MctiOan.    1915  15  Edgar.    1917  >| 

*Oat  of  print. 


Sixteen  Tsars'  Besults  with  Phosphobub  on  the  Uniybbbitt  of  Iixinoib  Soil  ExFist- 
MEHT  Field  at  Bloo]cin6ton,  on  the  Typioal  Pbaibie  Land  of  the 

Xlunoib  Corn  Belt 
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Year 


ISoT 

1908 
1904 
1905 
1906 

1907 
1908 
1909 
1910 
1911 


1912 
1913 
19U 
1915 
1916 
1917 


Crops  grown 


Corn,  bo...., 
Com,  bo..... 

Oats,  bu , 

Wheat,  bu.. . 
Glover,  tons. 


Corn,  bu. . . . . 
Corn,  bu. . . . . 
Oats,  bu,. . . , 
Clover,  tons. 
Wheat,  bu. . . 


Corn,  bu. . . .  * 

Corn,  bu 

Oats,  bu 

Soybeans,  bu, 
Wheat,  bu. . . 
Com,  bu..... 


Yield 

without 

phosphorus 


37,0 
60.3 
60.8 
28.8 
.58 


63.1 
35.3 
53.6 
1.09 
22.5 


47.9 
30.0 
40.6 
0.0 
15.8 
19.2 


Yiiid 

with 

phosphorus 


41.7 
73.0 
72.7 
89.2 
1.65 


82.1 
47.5 
63.8 
4.21 
57.6  _ 

"74.5 
44.1 
45.0 
0,0 
38.8 
44.0 


Increase 

for 

photphoras 


4.7 
12.7 
11.9 
10.4 

1,07 


19.0 
12.2 

igj2 

'3.12 
35.1 


26.6 
14,1 
4.4 
0.0 
23.0 
24.S 


Vahieof 
inereaao 
perftciti 


$ 


2.35 

6.85 

4.7« 

10.40 

10.70 


9.50 

6.10 

4.08 

31.^0 

35.10 


"lOS" 

7.06 

1.76 

0.00 

23.00 

12.40 


Total  value  of  incYcase  in  sixteen  years. .$178.05 

56.00 


Total  cost  of  phosphorus  in  sixteen  years. 
Net  profit  in  sixteen  years. 


$122.05 


After  the  first  year  the  phosphorufl  began  to  more  than  pay  its  annual  cost; 
and  during  the  second  five-year  period  the  increase  produced  by  the  phosphorus 
was  worth  almost  as  much  as  the  total  crops  produced  on  the  land  not  receiving 
phosphorus.  In  later  years  the  need  of  organic  manures  with  phosphorus  hu 
become  apparent.    (See  pages  21  to  26  for  more  complete  details.) 
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REVISED  DESCRIPTIONS  OF 

PEORIA  COUNTY  SOIL  TYPES 

With  Recommendations  for 

THEIR  USE  AND  MANAGEMENT 

By  R.  S.  Smith  and  Herman  Wascher' 


M- 


ANY  changes  have  taken  place  in  the  mapping  and  naming  of  soil  types 
since  the  soil  report  for  Peoria  coimty  was  printed  sixteen  years  ago. 
Some  of  the  types  as  earlier  mapped  have  been  subdivided  into  two  or 
more  types;  and  a  few,  particularly  those  occup)ring  the  bottomlands,  have  been 
combined.  Even  where  no  subdividing  or  combining  has  taken  place,  new  names 
have  been  substituted  for  the  former  names. 

The  original  soil  report  for  Peoria  county,  published  in  1921,  has  gone  out  of 
print,  but  a  supply  of  the  original  maps  is  still  available.  As  the  maps  still  have 
very  definite  value,  this  revised  statement  has  been  prepared  to  accompany  the 
remaining  copies. 

To  use  the  original  map  with  a  revised  description  of  types,  the  relation 
between  the  names  and  classifications  shown  on  the  map  and  those  in  current  use, 
must  be  made  clear.  This  has  been  done  by  retaining  in  the  text,  as  the  major 
headings,  the  old  names,  and  listing  under  them  the  names  now  applied  to  the 
various  subdivisions  or  combinations.  Where  merely  a  change  in  name  is  involved, 
both  the  old  name  and  the  new  name  are  given  in  the  heading. 

With  these  facts  in  mind,  it  is  believed  that  any  one  who  will  read  carefully 
the  descriptions  here  given  will  be  able  to  recognize  in  the  field  the  finer  divisions 
into  which  many  of  the  old  types  are  now  classified  even  tho  these  areas  are  not 
distinguished  on  the  map. 

A  productivity  index  number  is  another  new  feature  appearing  in  the  descrip- 
tion of  each  soil  type.  The  numbers  used  in  this  index  run  from  1  to  10,  No.  1 
indicating  the  inherently  most  productive  soils,  unlimed  and  unfertilized,  for 
growing  the  major  crops  common  to  the  region,  and  No.  10,  the  inherently  least 
productive. 

UPLAND  PRAIRIE  SOILS 

•  Brown  silt  loam  (26,  226,  526,  926,  1126) 

Now  subdivided  into: 

Tama  silt  loam  (36)  LaRose  silt  loam  (60) 

Muscatine  silt  loam  (41)  Proctor  silt  loam  (148) 

Grundy  silt  loam  (43)  Brenton  silt  loam  (149) 

Saybrook  silt  loam  (145)  Dodgeville  silt  loam  (40) 

Tama  silt  loam  (36)  is  a  dark-colored  soil  derived  from  loess,  which  occurs 
on  rolling  topography  and  has  developed  under  grass  vegetation.  It  is  found 
most  extensively  in  the  western  and  northwestern  parts  of  the  county  bordering 

*R.  S.  Smith,  Chief  in  Soil  Physics  and  Soil  Survey;  Herman  Wascher,  Assistant 
Chief  in  Soil  Survey. 
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the  timber  soils  and  adjacent  to  drainage  ways  not  surrounded  by  timber  soils. 
This  type,  together  with  Muscatine  silt  loam,  includes  the  majority  of  the  bro^^^l 
silt  soils  in  Peoria  county. 

The  surface  is  a  5-  to  7-inch  brown  to  light-brown  silt  loam,  medium  acid  in 
reaction,  and  medium  in  organic  matter  and  nitrogen.  The  subsurface  is  a  4-  to 
7-inch  brownish-yellow  silt  loam,  and  the  subsoil  a  10-  to  16-inch  reddish-yellow 
silty  clay  loam.  Surface  drainage  is  rapid  and  underdrainage  is  good.  Destructive 
erosion  occurs  following  cultivation  unless  erosion  control  measures  are  adopted. 

This  soil,  because  of  its  depth  and  permeability,  is  well  adapted  to  terracing. 
This  is  a  medium-productive  soil  that  responds  well  to  proper  treatment  and 
management.  Following  an  application  of  limestone,  clover  and  alfalfa  do  well 
and  good  response  follows  the  use  of  manure.  The  productive  crop  index  is  3  to  4. 

Muscatine  silt  loam  (41)  is  a  dark-colored,  loess-derived  soil  developed  on 
undulating  topography  under  grass  vegetation.  It  occurs  in  association  with 
Tama  silt  loam. 

The  surface  is  a  7-  to  10-inch  brown  silt  loam,  medium  in  acidity,  and  medium 
to  high  in  organic  matter  and  nitrogen.  The  subsurface  is  a  7-  to  9-inch  yellow- 
ish-brown silt  loam,  and  the  subsoil  a  10-  to  16-inch  yellowish-brown  silty  clay 
loam.   Natural  drainage  is  good. 

Tho  harmful  erosion  may  occur  following  cultivation,  it  may  be  satisfactorily 
controlled  in  most  cases  by  good  farming  methods,  thus  usually  eliminating  the 
need  for  mechanical  controls  such  as  check  dams  and  terraces.  This  is  a  pro- 
ductive soil  and  needs  only  good  farming  and  proper  treatment  to  produce  good 
crops.  The  productive  crop  index  is  2.  Results  from  the  Kewanee  experiment 
field  may  be  taken  as  a  guide  in  the  treatment  of  this  soil  (see  Bulletin  425). 

Grundy  silt  loam  (43)  is  a  dark-colored,  loess-derived  soil  developed  on 
nearly  level  topography  under  grass  vegetation.  It  is  not  an  extensive  type, 
occurring  principally  in  the  southwestern  and  northwestern  parts  of  the  county. 
It  commonly  occurs  between  the  areas  of  Grundy  clay  loam  and  Muscatine 
silt  loam. 

The  surface  is  an  8-  to  10-inch  dark-brown  silt  to  clayey  silt  loam,  high  in 
organic  matter  and  nitrogen,  and  neutral  to  only  slightly  acid  in  reaction.  The 
subsurface  is  a  7-  to  9-inch  dark  drabbish-brown  clayey  silt  loam,  and  the  subsoil 
a  12-  to  16-inch  brownish-drab  clay  loam.  Surface  drainage  is  fair  and  tile  draw 
satisfactorily  if  an  outlet  with  sufficient  fall  can  be  secured. 

This  is  a  highly  productive  soil  adapted  to  the  crops  common  to  the  region. 
The  productive  crop  index  is  1.  No  soil  treatment  is  suggested  other  than  the 
application  of  limestone  if  the  need  for  it  is  indicated  by  the  acidity  test  or  by 
poor  clover  growth.  Provision  for  regular  additions  of  leguminous  organic 
matter  should  be  made. 

Saybrook  silt  loam  (145)  is  a  dark-colored  soil,  derived  from  a  thin  loess 
blanket  on  friable,  calcareous  till  and  developed  on  undulating  to  rolling  topog- 
raphy. It  does  not  occur  extensively  in  Peoria  county,  being  found  only  on  the 
Wisconsin  glaciation  to  the  southwest  of  Lawn  Ridge.  It  makes  up  a  portion  of 
the  area  designated  on  the  map  as  926  and  1126. 

The  surface  is  a  4-  to  8-inch  brown  silt  loam,  varying  according  to  the  effect 
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of  erosion.  It  is  fairly  high  in  organic  matter  and  nitrogen  and  slightly  to  medium 
acid  in  reaction.  The  subsurface  is  a  6-  to  8-inch  yellowish-brown  silt  loam,  and 
the  subsoil  a  10-  to  16-inch  yellowish-brown  silty  clay  loam  with  a  scattering  of 
pebbles.    Surface  drainage  and  underdrainage  are  both  good. 

Serious  erosion  occurs  following  cultivation,  particularly  on  the  more  rolling 
portions.  Good  erosion  control,  such  as  proper  cropping  practices  and  contour 
tillage  should  be  followed  on  all  the  eroding  portions  of  this  type,  supplemented 
in  places  by  terraces.  Crop  yields  are  good  for  the  most  part  but  may  be  satis- 
factorily increased  by  the  limestone-legume-manure  treatment.  This  is  one  of  the 
productive  corn-belt  soils  which  is  being  seriously  injured  by  erosion.  Erosion- 
control  measures  should  be  promptly  adopted  before  further  permanent  harm  has 
been  done.  The  productive  crop  index  is  3. 

LaRose  silt  loam  (60)  is  a  medium  dark-colored  soil,  derived  from  a  thin 
loess  blanket  on  calcareous,  friable  till.  It  has  developed  under  grass  vegetation 
on  rolling  to  strongly  rolling  topography.  It  occurs  only  on  the  Wisconsin 
glaciation  in  association  with  Saybrook  silt  loam.  It  is  probably  somewhat  more 
extensive  in  occurrence  than  Saybrook. 

The  surface  is  a  3-  to  6-inch  brown  to  light-brown  silt  loam,  medium  in 
organic  matter  and  nitrogen,  and  medium  acid  in  reaction.  The  subsurface  is  a 
3-  to  7-inch  dull  reddish-brown  silt  loam,  and  the  subsoil  a  10-  to  16-inch  brown- 
ish-yellow silty  clay  loam.  Surface  drainage  is  excellent  to  excessive  and  under- 
drainage is  good. 

Destructive  erosion  follows  cultivation  unless  protective  measures  are  used. 
For  the  most  part  terracing  is  not  advisable  because  of  the  thinness  of  the  loess 
cover.  Contour  farming  and  proper  cropping  practices  are  effective  in  controlling 
erosion  on  this  soil.  Following  an  application  of  limestone  this  type  makes  good 
alfalfa  land.  Some  of  the  steeper  slopes  on  which  this  soil  occurs  have  already 
been  so  seriously  injured  by  erosion  that  they  should  be  seeded  down  to 
permanent  grass  in  order  to  control  erosion  and  allow  the  soil  to  gradually 
recover.  The  productive  crop  index  is  5  to  7. 

Proctor  silt  loam  (148)  is  a  glacial-outwash-derived  soil  developed  under 
conditions  of  good  drainage,  with  grass  as  the  natural  vegetation.  It  is  not  an 
extensive  type,  being  found  only  in  the  outwash  area  north  of  Princeville. 

The  surface  is  a  6-  to  8-inch  brown  to  light-brown  silt  loam,  medium  in 
organic  matter  and  nitrogen  and  medium  acid.  The  subsurface  is  a  brownish- 
yellow  silt  loam,  and  the  subsoil  a  10-  to  16-inch  brownish-yellow  silty  clay  loam. 

It  is  a  medium  productive  soil  that  builds  up  quickly  under  the  limestone- 
legume-manure  treatment,  but  which  likewise  declines  quickly  in  producing 
capacity  unless  well  farmed.  Alfalfa  does  well  following  proper  soil  treatment. 
Harmful  sheet  erosion  may  occur  following  cultivation  but  can  be  satisfactorily 
controlled  by  the  proper  use  of  cover  crops.  The  productive  crop  index  is  3.  A 
few  small  areas  may  have  coarse  outwash  material  within  30  inches  of  the 
surface.  These  spots  will  tend  to  be  drouthy  and  their  crop  index  is  about  6. 

Brenton  silt  loam  (149)  is  a  dark-colored  soil  derived  from  a  thin  loess 
cover  on  glacial  outwash  and  developed  under  grass  vegetation  on  flat  to  undulat- 
ing topography.  It  occurs  north  of  Princeville  in  association  with  Proctor  silt 
loam. 
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The  surface  is  an  8-  to  10-inch  dark-brown  silt  loam,  high  in  organic  mat 
and  nitrogen  and  neutral  to  slightly  acid  in  reaction.   The  subsurface  is  a  6- 
8-inch  drabbish-brown  silt  loam,  and  the  subsoil  a  10-  to  16-inch  yellowish-^ 
silty  clay  loam.    Surface  drainage  and  underdrainage  are  fair  to  good  and 
draw  satisfactorily  if  an  outlet  with  sufficient  fall  can  be  secured. 

This  is  a  good  soil  and  responds  well  to  good  farming,  including  the  use 
limestone  and  legumes.  The  productive  crop  index  is  2. 

Dodgcvillc  silt  loam  (40)  is  a  dark-colored  soil  derived  from  a  thin  loess, 
glacial  till,  or  outwash  cover  on  limestone  bedrock.  It  is  of  very  minor  importance 
but  is  known  to  occur  about  three  miles  northeast  of  Princeville.  A  small  lime- 
stone quarry  has  been  in  operation  in  this  area  for  several  years.  The  thinner 
portions  of  this  type  are  drouthy  and  consequently  should  be  devoted  to  early 
maturing  crops ;  otherwise  it  may  be  treated  the  same  as  surrounding  types,  the 
probably  its  best  use  is  for  meadow  and  pasture. 

•  Black  clay  loam  (20,  520,  1120,  1520) 

Now  subdivided  into: 

Grundy  clay  loam  (65) 
Drimimer  clay  loam  (152) 
Hersman  clay  loam,  terrace  (195) 

Grundy  clay  loam  (65)  is  a  loess-derived,  dark-colored  soil  developed  on 
broad  flats  or  depressional  areas,  under  heavy  slough  grass  or  luxuriant  prairie 
grass  vegetation. 

The  surface  is  an  8-  to  10-inch  black  clay  loam,  high  in  organic  matter  and 
nitrogen  and  neutral  in  reaction,  with  an  occasional  small  alkali  spot.  The  sub- 
surface is  a  6-  to  8-inch  black  to  drabbish-black  clay  loam,  and  the  subsoil  a  10-  to 
18-inch  yellowish-drab  clay  loam.  Surface  drainage  is  poor  but  natural,  under- 
drainage is  fair  and  tile  draw  satisfactorily  if  an  outlet  with  sufficient  fall  can  be 
secured. 

When  sufficiently  well  drained,  this  is  a  productive  soil,  especially  for  com, 
tho  some  care  must  be  used  in  cultivating  it,  in  order  to  avoid  the  development  of 
a  bad  physical  condition.  The  productive  crop  index  is  1.  Many  small  areas  of 
clay  loam  occur  which  are  not  shown  on  the  map  because  of  their  small  size. 
Most  of  these  areas  belong  to  this  type. 

Drummer  clay  loam  (152)  is  similar  to  Grundy  clay  loam  except  that  it  is 
derived  from  glacial  wash  and  frequently  contains  pebbles.  It  occurs  in  associa- 
tion with  Proctor,  Brenton  and  Saybrook  silt  loams.  The  productive  crop  index 
is  1. 

Results  from  the  Hartsburg  experiment  field  may  be  taken  as  a  guide  in  the 
treatment  of  both  Grundy  and  Drummer  clay  loams  (see  Bulletin  425). 

Hersman  clay  loam,  terrace  (195)  is  similar  to  Grundy  clay  loam  except 
that  it  occurs  on  river  terraces  and  is  underlain  by  sand  and  gravel.  It  is  shown 
on  the  map  by  the  number  1520. 

This  soil  is  productive  and  ordinarily  needs  no  treatment  other  than  the  regu- 
lar addition  of  organic  matter.  Its  productive  crop  index  is  1. 
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•  Brown-gray  silt  loam  on  tight  clay  (28,  528,  928) 

Now  subdivided  into: 

Denny  silt  loam  (45) 
Osceola  silt  loam  (58) 

Denny  silt  loam  (45)  is  a  loess-derived  soil  that  has  developed  in  small 
depressions  under  weedy  prairie  or  scattered,  brushy  timber  vegetation.  It  some- 
times occurs  between  Muscatine  silt  loam  and  light-colored  timber  soil,  altho  its 
usual  occurrence  is  in  poorly  drained  spots  within  the  Muscatine  areas. 

The  surface  is  a  7-  to  9-inch  grayish-brown  silt  loam,  medium  in  organic 
matter  and  nitrogen,  and  acid  in  reaction.  The  subsurface  is  a  5-  to  7-inch 
brownish-gray  silt  loam  and  the  subsoil  a  16-  to  22-inch  drabbish-gray  plastic 
clay  loam.   Surface  drainage  is  poor  and  underdrainage  is  slow. 

Altho  some  crops  may  make  fair  yields,  a  heavy  application  of  limestone  and 
the  growing  of  legumes  are  necessary  to  secure  satisfactory  returns.  Manure 
gives  good  returns  provided  drainage  has  been  established.   The  crop  index  is  7. 

Osceola  silt  loam  (58)  is  an  outwash-derived  soil  that  has  developed  on 
depressional  to  gently  undulating  topography  where  the  Illinoian  gumbotil  or 
other  impervious  substratum  has  caused  a  continued  high  water  table.  It  occurs 
in  the  out  wash  area  north  of  Princeville. 

The  surface  is  a  6-  to  8-inch  grayish-brown  silt  loam,  medium  to  low  in 
organic  matter  and  nitrogen.  The  subsurface  is  a  5-  to  8-inch  slaty-gray  silt  loam 
and  the  subsoil  is  a  6-  to  14-inch  drabbish-gray  plastic  clay  loam.  Surface  drain- 
age is  fair  to  poor  and  imderdrainage  is  slow. 

A  heavy  initial  application  of  limestone,  together  with  the  growing  of  legumes, 
or  the  frequent  application  of  manure,  is  necessary  to  bring  this  soil  to  a  satis- 
factory productive  level.  The  productive  crop  index  is  6  to  8. 

UPLAND  TIMBER  SOILS 

•  Yellow-gray  sUt  loam  (34,  234,  534,  934,  1134) 

Now  subdivided  into: 

Berwick  silt  loam   (17) 
Qinton  silt  loam  (18) 
Miami  silt  loam  (24) 

Berwick  silt  loam  (17)  is  a  loess-derived,  light-colored  soil  that  has 
developed  on  nearly  level  topography  under  forest  vegetation. 

The  surface  is  a  6-  to  8-inch  yellowish-gray  silt  loam,  low  in  organic  matter 
and  nitrogen,  and  acid  in  reaction.  The  subsurface  is  a  6-  to  8-inch  pale  yellow- 
ish-gray silt  loam,  and  the  subsoil  a  12-  to  18-inch  mixed  pale-yellow  and  gray, 
plastic  clay  loam.  Natural  drainage  is  slow. 

This  soil  should  be  kept  in  timber.  However,  if  already  cleared,  an  application 
of  limestone  and  regular  applications  of  manure,  or  the  growing  and  plowing 
under  of  sweet  clover,  will  raise  the  productive  level.  This  soil,  however,  does 
not  respond  so  well  to  good  treatment  as  does  Clinton  silt  loam  with  which  it  is 
associated.  The  productive  crop  index  is  6  to  7,  with  a  few  small  very  poorly 
drained  spots  probably  rating  as  low  as  8. 
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Clinton  silt  loam  (18)  is  a  loess-derived  soil  developed  under  forest  vegc 
tation  on  undulating  to  rolling  topography. 

The  surface  is  a  4-  to  7-inch  grayish-yellow  silt  loam,  low  in  organic  matte 
and  nitrogen,  and  acid  in  reaction.  The  subsurface  is  a  4-  to  7-inch  grayish 
yellow  silt  loam,  and  the  subsoil  a  12-  to  20-inch  drabbish-)rellow  silty  clay  loan 
with  gray  mottling.   Surface  drainage  and  natural  underdrainage  are  both  good 

Serious  erosion  occurs  following  cultivation  unless  protective  measures  art 
used,  including  contour  farming,  maintenance  of  a  vegetative  cover,  and  in  socn^ 
cases,  terracing.  This  soil  has  a  low  productive  level  when  farmed  ^vitho^n 
treatment,  but  it  has  the  capacity  to  respond  to  limestone  and  legumes  and  to 
manure.  It  makes  good  permanent  pasture  land  and  when  limed  the  carrying 
capacity  is  greatly  increased.  The  productive  crop  index  is  5. 

Miami  silt  loam  (24)  is  a  light-colored  soil,  derived  from  a  thin  loess 
blanket  on  friable,  calcareous  glacial  till.  It  has  developed  on  rolling  topography 
under  a  forest  vegetation.  It  occurs  only  within  the  934  and  1134  areas,  as 
shown  on  the  map,  for  the  most  part  just  to  the  south  of  Dunlap. 

The  surface  is  a  4-  to  7-inch  yellowish-gray  silt  loam,  low  in  organic  matter 
and  nitrogen,  and  acid  in  reaction.  The  subsurface  is  a  5-  to  8-inch  grayish- 
yellow  silt  loam,  and  the  subsoil  is  a  10-  to  16-inch  grayish-yellow  silty  clay 
loam.   Surface  drainage  and  underdrainage  are  both  good. 

Erosion  is  serious  following  cultivation  unless  protective  measures  are  used. 
Terracing  is  generally  not  advisable  because  of  the  thinness  of  the  loess  cover. 
Following  an  application  of  limestone  this  type  makes  good  pasture  land.  The 
productive  crop  index  is  5. 

•  Yellow  sUt  loam  (35,  235,  535,  935,  1135) 

Now  subdivided  into: 

Hickory  gravelly  loam,  eroded  (8) 
Fayette  silt  loam  (19) 
Hennepin  gravelly  loam,  eroded  (25) 
Strawn  silt  loam  (224) 

Hickory  gravelly  loam,  eroded  (8)  is  made  up  of  the  steep  stream  bluffs 
and  adjacent  gullied  land  in  the  southern,  central,  western  and  northwestern 
parts  of  the  county.  It  is  normally  found  only  on  slopes  that  exceed  15  to  20 
percent  and  from  which  the  loess  cover  has  been  generally  removed. 

In  a  virgin  forest  area  it  usually  has  a  3-  to  5-inch  brownish-yellow  surface, 
a  2-  to  4-inch  yellow  subsurface  and  a  10-  to  15-inch  reddish-yellow,  gravelly 
subsoil.  Destructive  erosion  follows  the  removal  of  the  natural  forest  cover  so 
that  any  or  all  of  the  above-mentioned  soil  layers  may  be  absent,  exposing  in  the 
latter  case,  the  plastic,  leached,  gravelly  drift. 

Since  bluegrass  usually  makes  only  a  fair  growth,  this  land  should  be  kept  in 
permanent  timber.   The  productive  crop  index  is  10. 

Fayette  silt  loam  (19)  is  a  light-colored  soil  derived  from  loess,  developed 
on  strongly  rolling  topography  or  on  slopes  of  7  to  15  percent  and  under  forest 
vegetation.  It  is  found  most  extensively  in  the  southern  part  of  the  county  along 
the  bluffs  of  the  Illinois  river  altho  much  of  the  535  area  shown  on  the  map  in 
the  central  part  will  also  classify  as  this  type. 
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In  a  virgin  forest  area  the  surface  is  a  3-  to  5-inch,  brownish-yellow  silt  loam, 
low  in  organic  matter  and  nitrogen,  and  medium  acid  in  reaction.  The  subsurface 
is  a  4-  to  6-inch,  yellow  silt  loam.  The  subsoil  is  12  to  20  inches  thick  and  is  a 
reddish-yellow  silty  clay  loam. 

Destructive  erosion  follows  cultivation  unless  the  soil  is  continuously  protected 
by  a  vegetative  cover.  In  some  areas  this  soil  lends  itself  to  terracing  because  of 
the  thickness  of  the  loess ;  however,  many  of  the  slopes  are  too  steep  for  success- 
ful terracing.  Much  of  this  soil  type  is  too  steep  for  cultivation  and  should  be 
kept  in  grass  or  timber.  The  less  steep  slopes  may  be  put  in  a  cultivated  crop  at 
intervals  but  should  be  returned  to  grass  following  a  grain  crop.  The  productive 
crop  index  is  7  to  8. 

Hennepin  gravelly  loam,  eroded  (25)  is  made  up  of  the  steep  stream  bluffs 
and  adjacent  gullied  land  of  the  Wisconsin  till  region  in  the  northeastern  part  of 
the  county.  It  is  normally  found  only  on  slopes  that  exceed  15  to  20  percent  and 
from  which  the  loess  cover  has  been  mostly  removed. 

In  a  virgin  forest  area  it  usually  has  a  3-  to  5-inch  brownish-yellow  surface, 
a  2-  to  4-inch  yellow  subsurface,  and  a  6-  to  12-inch  reddish-yellow,  gravelly 
subsoil.  Destructive  erosion  follows  the  removal  of  the  natural  forest  cover  so 
that  part  or  all  of  the  above-mentioned  soil  layers  are  often  absent.  The  under- 
lying calcareous,  gravelly  till  becomes  exposed  when  all  of  the  soil  layers  are 
removed. 

Bluegrass  commonly  makes  a  satisfactory  growth  if  established  before  erosion 
removes  the  surface  layers ;  however,  the  type  is  best  kept  permanently  in  timber. 
The  productive  crop  index  is  10. 

Strawn  silt  loam  (224)  is  a  light-colored  soil  derived  from  thin  loess  on 
calcareous  till.  It  has  developed  under  forest  vegetation  on  strongly  rolling 
topography,  or  on  slopes  of  7  to  15  percent.  It  is  found  only  in  the  Wisconsin 
till  region  of  the  eastern  and  northeastern  parts  of  the  county. 

In  undisturbed  forest  areas  the  surface  is  a  3-  to  5-inch,  grayish-  to  brownish- 
yellow  silt  loam.  The  subsurface  is  a  4-  to  7-inch  yellow  silt  loam  and  the  subsoil 
is  a  12-  to  16-inch  reddish-yellow  silty  clay  loam,  often  with  some  pebbles  in  the 
lower  part  of  this  horizon. 

This  soil  is  subject  to  destructive  erosion  when  farmed,  unless  effective 
erosion-control  measures,  including  contour  tillage,  strip  cropping,  frequent  use 
of  grass,  and  terracing  on  the  less  steep  slopes,  are  practiced.  In  any  case,  if  this 
soil  is  used  for  tilled  crops,  soil  treatment  must  be  applied  to  help  get  a  vigorous 
vegetative  growth.  The  best  use  for  Strawn  silt  loam  is  pasture  and  meadow  on 
the  more  moderate  slopes  and  timber  on  the  steeper  slopes. 

TERRACE  SOILS 

^  Brown  sandy  loam  (1560) 

Now  Sumner  sandy  loam,  terrace  (87) 

Sumner  sandy  loam,  terrace  (87)  is  a  medium  dark-colored  terrace  soil 
developed  on  undulating  to  gently  rolling  topography.  The  knolls  and  ridges  are 
light  brown  and  very  sandy.  Drainage  is  good  for  the  most  part.  Even  tho  this 
soil  has  developed  under  prairie  vegetation  the  organic-matter  and  nitrogen  con- 
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tents  are  medium  to  low  owing  to  the  coarse  texture  and  ready  permeability  of 
the  soil  material. 

This  soil  shows  little  horizon  development.  The  surface  is  a  yellowish-brown 
or  light-brown  sandy  loam.  With  increasing  depth  the  color  gradually  changes 
to  reddish  yellow  and  the  texture  becomes  somewhat  coarser. 

While  it  is  not  commonly  thought  of  as  a  drouthy  soil. its  resistance  to  drouth 
is  only  fair.  Crop  residues  and  manure  should  be  turned  under  at  frequent  inter- 
vals. Some  limestone  is  necessary  in  order  to  obtain  good  results  with  clover. 
This  type  is  also  low  in  phosphorus.  The  productive  crop  index  is  7. 

^  Brown  silt  loam  (26,  1526) 

Now  Littleton  silt  loam,  terrace  (81 ) 

Littleton  silt  loam,  terrace  (81)  is  a  dark-colored  terrace  type,  correspond- 
ing to  the  upland  t)rpe  Muscatine  silt  loam,  No.  41,  and  requires  the  same  man- 
agement and  treatment  as  does  Muscatine.  The  productive  crop  index  is  3. 

^  Brown  fine  sandy  loam  (1571) 

Now  Worthen  fine  sandy  loam,  bluff  wash  (37) 

Worthen  fine  sandy  loam,  bluff  wash  (37)  is  found  mainly  at  the  base  of 
the  Illinois  river  bluffs. 

It  is  variable  in  texture,  color,  and  depth  of  horizons  since  these  features 
depend  on  the  rate  of  deposition  and  the  kind  of  material  deposited. 

The  silty  and  fine  sandy  portions  are  very  productive,  while  some  spots 
covered  by  recent  gravel  wash  may  be  practically  barren.  When  the  adjacent  bluff 
land  is  cleared  of  trees  and  brush,  short,  sharp  gullies  quickly  form  and  the 
underlying  gravelly  glacial  till  is  washed  out  and  deposited  on  the  fine  sandy 
loam  in  the  form  of  small  gravel  fans.  The  productive  crop  index  is  variable 
for  the  reason  stated  above. 

•  Dune  sand  (81,  1581) 

At  the  present  time  there  is  no  official  type  name  nor  number  under  the  later 
system  of  nomenclature  for  this  soil. 

Dune  sand  is  a  light-brown  loamy  sand  to  sand,  low  in  organic  matter, 
nitrogen,  and  phosphorus,  and  acid  in  reaction.  Underdrainage  is  very  rapid  due 
to  coarse  texture  thruout  the  deep  profile  as  well  as  to  lack  of  organic  matter 
and  no  subsoil  development. 

The  topography  of  this  soil  is  rolling  for  the  most  part,  the  type  occupying 
the  tops  of  knolls  and  ridges  in  close  association  with  the  lighter  portions  of 
Sumner  sandy  loam.  These  knolls  and  ridges  were  caused  by  the  wind,  and  the 
loose  sand  that  forms  them  will  continue  to  be  blown  about  unless  a  vegetative 
cover  is  used  to  prevent  movement.  Small  grains  and  legumes,  or  trees,  are  the 
best  crops  for  this  purpose.  The  productive  crop  index  is  9. 

^  Brown  silt  loam  on  gravel  (1526.4) 

Now  O'Neill  silt  loam,  terrace  (79) 

O'Neill  silt  loam,  terrace  (79)  is  a  medium  dark-colored  soil  developed  on 
undulating  to  gently  rolling  topography. 
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The  surface  is  a  5-  to  8-inch  brown  to  light-brown  silt  loam,  medium  in 
organic  matter  and  nitrogen,  and  acid  in  reaction.  In  places  there  is  a  high  per- 
centage of  coarse  sand  present.  The  subsurface  is  a  6-  to  8-inch  reddish-brown 
sandy  silt  loam  and  the  subsoil  a  reddish-yellow  silty  clay  loam  with  sand  or 
pebbles  present.   Surface  drainage  is  good  and  underdrainage  excessive. 

This  soil  is  drouthy  and  attempts  at  permanent  improvement  are  usually  not 
very  successful.  Winter  crops  are  better  adapted  to  this  soil  than  summer  crops. 
The  productive  crop  index  is  7.  The  underlying  material  is  a  common  source  of 
commercial  sand  and  gravel. 

•  Yellow-gray  silt  loam  over  gravel  (1536) 

Now  Camden  silt  loam,  terrace  (134) 

Camden  sUt  loam,  terrace,  (134)  is  a  terrace  type  similar  in  profile  char- 
acteristics to  Qinton  silt  loam,  No.  18.  The  productive  crop  index  is  5.  Tho 
sand  and  gravel  occur  at  varying  depths  they  always  occur  below  30  inches  and 
usually  are  not  loose  and  incoherent  until  below  35  or  40  inches.  Treatment 
should  be  the  same  as  for  Clinton  silt  loam. 

•  Yellow-gray  sandy  loam  (1564) 

Now  Potomac  sandy  loam,  terrace  (135) 

Potomac  sandy  loam,  terrace  (135)  is  similar  to  Camden  silt  loam,  No. 
134,  described  above,  except  that  the  surface  and  subsoil  are  coarser  textured  and 
more  permeable.  It  is  a  light-colored  or  timbered  phase  of  Sumner  sandy  loam. 
No.  87,  and  treatment  should  be  about  the  same  on  the  two  types.  The  productive 
crop  index  is  8. 

•  Yellow-gray  sandy  loam  on  gravel  (1564.4) 
Now  Ellison  sandy  loam,  terrace  (209) 

Ellison  sandy  loam,  terrace  (209)  is  a  sandy  terrace  soil  developed  under 
timber  vegetation.  It  is  a  light-colored  phase  of  O'Neill  sandy  loam.  No.  79, 
described  above,  and  treatment  should  be  similar.  The  productive  crop  index  is  9. 

•  Brown  sandy  loam  on  gravel  (1560.4) 

Now  O'Neill  sandy  loam,  terrace  (63) 

O'Neill  sandy  loam,  terrace  (63)  is  similar  to  O'Neill  silt  ioam.  No.  79, 
described  above,  except  that  the  texture  is  coarser,  even  more  or  less  gravelly, 
and  the  organic  matter  content  consequently  somewhat  lower.  Treatment  should 
be  similar  to  that  suggested  for  O'Neill  silt  loam.  The  productive  crop  index  is  8. 

^  Brown-gray  silt  loam  on  tight  clay  (1528) 

Now  Brooklyn  silt  loam,  terrace  (136) 

Brookl3m  silt  loam,  terrace  (136)  occurs  as  small,  poorly-drained  spots  on 
the  terrace.  Except  that  terrace  sand  and  gravel  underlies  this  type  at  varying 
depths,  it  is  similar  to  Osceola  silt  loam.  No.  58,  and  treatment  should  be  the 
same  as  that  suggested  for  Osceola. 
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SWAMP  AND  BOTTOMLAND  SOILS 

(Old  and  Late) 

^  Deep  brown  silt  loam  (1326,  1426) 

Now  Huntsville  silt  loam,  bottom  {77) 

Huntsville  silt  loam,  bottom  (77)  is  a  silty  bottomland  type  derived  from 
sediment  carried  out  of  deep  loess  country.  In  the  small  stream  bottoms  it  is 
often  slightly  sandy  while  in  the  Illinois  river  bottom  it  grades  into  heavy 
clay  loam. 

Ordinarily  no  soil  horizons  can  be  defined  because  the  material  is  of  too  recent 
deposition.  Organic-matter  content  is  fairly  high,  and  the  reaction  is  usually 
neutral.  Because  of  frequent  deposition  of  new  material  little  need  be  done 
beyond  good  cultivation  in  keeping  up  the  productiveness  of  this  soil.  The  pro- 
ductive crop  index  is  2  to  5,  depending  upon  frequency  of  overflow. 

•  Mixed  loam  (1354,  1454) 
Now  Huntsville  loam,  bottom  (73) 

Huntsville  loam,  bottom  (73)  occupies  all  of  the  creek  bottoms  in  the 
southern,  central,  and  eastern  parts  of  the  county.  It  varies  locally  from  sand 
of  small  sand  bars  to  clay  of  small  oxbows,  but  is  principally  a  sandy  brown  silt 
loam,  fairly  high  in  organic  matter  and  nitrogen,  and  neutral  to  very  slightly  acid 
in  reaction.  It  is  subject  to  frequent  overflow  unless  protected  by  levee.  There- 
fore, the  cropping  system  is  usually  limited.  The  productive  crop  index  is  3  to  5 
depending,  in  part,  on  the  frequency  and  harmfulness  of  overflow. 

•  Deep  peat  (1301) 

Now  Deep  peat  (97) 

Deep  peat  (97).  Peat  areas  in  Illinois  have  not  been  differentiated  to  date 
except  as  to  thickness  of  deposit,  and  this  changes  rapidly  following  cultivation. 
Two  small  areas  are  shown  on  the  map  in  the  creek  bottom  two  miles  north  of 
Kickapoo.  The  material  in  these  areas  is  well  decomposed  and  probably  would 
not  classify  as  true  peat  at  this  time.  Following  adequate  drainage  good  crops 
are  produced  when  potash  fertilizer  is  used.  This  soil  is  not  adapted  to  the  small 
grains  as  they  tend  to  lodge,  but  it  produces  good  corn  when  fertilized  as  above 
indicated. 

•  Drab  clay  (1415) 

Now  Sawmill  clay  loam,  bottom  ( 107) 

Sawmill  clay  loam,  bottom  (107)  is  a  dark-colored  soil,  relatively  hig-h  in 
organic  matter  and  nitrogen,  and  neutral  in  reaction.  The  surface  is  a  black  or 
drabbish-black  clay  loam  while  the  subsurface  and  subsoil  are  more  grayish  and 
silty.  When  protected  by  levee  and  drained  this  makes  excellent  com  land.  The 
productive  crop  index  is  2  to  6.  The  lower  rating  applies  where  the  soil  is  not 
protected  by  levee. 
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•  I. 


IN  REGOGNinON 

The  SoU  Surrey  of  UliiMiis  was  organiaed  undar  tha  tupanrialoo  of  tbrn 
late  Dr.  Cyril  G.  Hopkina.  The  work  proggeeeed  for  eighteen  yean  under 
hie  guidanceTand  the  first  eighteen  eoil  reports  bear  his  name  as  senior 
audior.  Oa  October6, 1919,  Dr.  Bopkins  died  in  a  foreign  land  in  the  sert- 
ice  of  the  American  Red  Cross^  It  is  the  purpose  to  carry  on  tof  oomi^eticHa 
this  great  work  of  the  Illinois  Soil  Surrey  In  the  spirit,  and  along  the  same 
general  plan  and  Hnes  of  procedure,  in  which  It  was  begun. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vary  tremendously  in  their 
productive  power,  depending  upon  their  physical  condition,  their  chemical 
composition,  and  their  biological  activities.  For  any  comprehensive  plan  of  soil 
improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 
lands,  a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 
first  essential.  It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 
soil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 
description  and  for  mapping.  With  the  information  that  such  a  survey  affords, 
every  farmer  or  land  owner  of  the  surveyed  area  has  at  hand  the  basis  for  a 
rational  system  of  improvement  of  his  land.  At  the  same  time  the  Experiment 
Station  is  furnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 
gently to  base  plans  for  those  fundamental  investigations  so  necessary  for 
solving  the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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FORMATION 

Bureau  county  is  located  in  the  west  central-northern  part  of  Illinois,  the 
northwest  comer  being  about  twenty-six  miles  from  the  Mississippi  river.  There 
is  much  variation  in  the  soils,  due  to  the  many  agencies  that  have  been  instru- 
mental in  their  formation.  The  northwestern  part  of  the  county  is  in  the  sand 
and  gravel  terrace  formed  by  the  Rock  and  Green  rivers.  An  extension  of  this 
terrace  to  the  southeast  that  reaches  to  Bureau  creek  without  doubt  indicates 
a  former  connection  between  the  Rock  and  Illinois  rivers. 

During  the  Glacial  period  snow  and  ice  accumulated  in  the  region  of  Labra- 
dor and  to  the  west  of  Hudson  Bay  to  such  an  amount  that  the  mass  pushed 
outward  from  these  centers,  especially  southward,  until  a  point  was  reached 
where  it  melted  as  rapidly  as  it  advanced.  In  moving  across  the  countiy  from 
the  far  north  the  ice  gathered  up  all  sorts  and  sizes  of  material,  including  clay, 
silt,  sand,  gravel,  and  boulders.  Some  of  these  materials  were  carried  for  hun- 
dreds of  miles  and  rubbed  against  surface  rocks  and  against  each  other,  pro- 
ducing large  quantities  of  rock  flour.  When,  thru  the  melting  of  the  ice,  the 
limit  of  advance  was  reached,  the  material  carried  by  the  glacier  was  deposited, 
accumulating  in  a  broad  undulating  ridge  or  moraine.  When  the  ice  melted 
more  rapidly  than  the  glacier  advanced,  the  terminus  of  the  glacier  would  re- 
cede and  the  material  would  be  deposited  somewhat  irregularly  over  the  area 
previously  covered. 

THE  GLACIATIONS  OF  BUREAU  COUNTY 

During  the  Glacial  period  there  were  six  distinct  and  separate  glacial  ad- 
vances as  f oUows,  in  order  of  their  occurrence : 

(1)  The  Nebraskan,  which  did  not  touch  Illinois.  (2)  The  Kansan,  which 
covered  parts  of  Hancock  and  Adams  counties.  The  Weymouth  soil  was  de- 
veloped from  the  surface  of  the  Kansan  glacial  material.  (3)  The  Illinoisan, 
which  covered  all  of  the  state  except  the  northwest  comer  (practically  all  of 
Jo  Daviess  county) ,  the  southern  part  of  Calhoun  county,  and  the  seven  south- 
ernmost counties.  The  Sangamon  soil  was  formed  from  the  surface  of  the  Illi- 
noisan drift.  (4)  The  lowan,  which  covered  a  part  of  northern  Illinois.  The 
area  covered  by  this  advance  is  difficult  to  determine  because  of  the  later  glacia- 
tions.  At  sbout  the  close  of  the  lowan  glacial  advance,  loess  or  wind  deposits 
were  made.  The  surface  of  this  material  was  formed  into  the  Peorian  soil,  which 
was  buried  by  the  early  Wisconsin  glaciation.  (5)  The  early  Wisconsin  glacia- 
tion,  which  eovered  the  northeastern  part  of  the  state  as  far  west  as  Peoria  and 
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south  to  Shelbyville.  (6)  The  late  Wisconsin  glaciation,  which  extended  to  the 
west  line  of  McHenry  county  and  south  to  the  town  of  Milf  ord  in  Iroquois  county. 

Only  three  of  these  glacial  advances  covered  all  or  part  of  Bureau  county, 
burying  the  old  soils  and  producing  new  ones.  The  first  of  these  was  the  Uli- 
noisan  glacier,  which  probably  covered  the  entire  county.  Subsequent  glaciers 
covered  most  of  this  deposit  leaving  the  Illinoisan  drift  exposed  only  in  the  south- 
western part  of  the  county,  including  Towns  15  North,  Ranges  6  and  7  East, 
and  the  western  tier  of  sections  in  Town  14  North,  Range  8  East.  A  system  of 
moraines  extends  across  the  first  two  townships  and  marks  the  northern  limit 
of  the  exposed  Illinoisan  drift.  The  Illinoisan  glacier  was  followed  by  the 
lowan,  which  covered  most  of  the  county  north  of  Town  15  North.  Nearly  all 
of  the  lowan  drift,  however,  has  been  covered  by  a  subsequent  glacier.  The  map, 
page  3,  shows  the  approximate  area  of  the  lowan  glaciation  now  exposed. 

The  latest  glacial  advance  that  reached  this  county  was  the  early  Wis- 
consin, which  covered  the  eastern  two-thirds  of  the  county  and  built  up  a  very 
extensive  moraine  known  as  the  Bloomington  morainic  system.  This  forms  the 
ridge  upon  which  Providence  and  Milo  are  located.  This  moraine  extends  to 
the  northward  and  forms  the  divide  between  the  Rock  and  the  Illinois  rivers. 
In  the  northeast  part  of  the  county  the  Bloomington  system  is  formed  by  two 
ridges,  an  outer  or  western,  and  an  inner  or  eastern  ridge»  the  latter  of  which 
passes  out  at  the  northeast  comer  of  the  county.  The  Illinoisan  moraine  in  the 
southwestern  part  of  the  county  extends  southeastward  and  merges  with  the 
Bloomington  moraine.  A  fourth  glaciation,  the  late  Wisconsin,  did  not  reach 
the  county,  but  the  water  from  the  melting  ice  and  the  sediment  which  it  car- 
ried down  the  Rock  river  undoubtedly  played  an  important  part  in  the  forma- 
tion of  new  soils  and  the  modification  of  the  old  ones  in  the  northwestern  part 
of  the  county. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Granites,  limestones,  sandstones,  shales,  etc.,  were 
encountered  by  the  glacier,  and  both  large  and  small  masses  of  these  were  torn 
from  their  resting  places  by  the  enormous  denuding  power  of  the  ice,  ground 
up  more  or  less  together,  and  moved  along  with  the  glacier  and  later  deposited 
as  the  ice  melted.  A  pressure  of  forty  pounds  per  square  inch  is  exerted  by  a 
mass  of  ice  one  hundred  feet  thick,  and  these  ice  sheets  were  hundreds  and 
possibly  thousands  of  feet  in  thickness.  The  ice,  together  with  the  boulders  and 
pebbles  carried  in  it,  thus  becamje  a  powerful  agent  for  grinding  and  wearing 
away  the  surface  over  which  it  passed.  Ridges  and  hills  were  rubbed  down, 
valleys  were  filled  with  the  debris,  and  the  surface  features  were  changed  en- 
tirely. When  the  ice  melted,  this  material  was  deposited,  and  it  is  known  as 
boulder  clay,  till,  glacial  drift,  or  simply  drift. 

The  thickness  of  this  deposit  in  Bureau  county  varies  from  a  few  feet  to 
about  600  feet,  the  greatest  depth  being  in  the  old  valley  thru  which  the  Rock 
river  is  supposed  to  have  reached  the  Illinois.  The  average  depth  of  drift  in 
this  county  is  at  least  200  feet,  and  may  possibly  be  as  much  as  300  feet.  In 
many  places  strata  of  sand  occur  in  the  glacial  drift.  Old  soils  and  fragments 
of  trees  are  frequently  encountered  in  the  drift  at  depths  as  great  as  130  feet. 
These  soils  represent  interglacial  periods  when  the  glaciers  receded,  during 
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whicti  ordinary  conditions  prevailed.  It  is  believed  that  the  drift  in  this  connty 
is  deeper  than  any  other  in  the  state.  The  till,  especially  at  a  few  feet  in  depth, 
is  of  a  bluish  color,  and  ia  commonly  designated  as  blae  day. 

PHYSIOORAPHY  AND  DRAINAQE 

Bureau  county  varies  in  topography  from  hilly  to  flat.  These  variations 
are  doe:  first,  to  deposition  of  material  transported  by  streams;  second,  to 
irregular  deposition  of  material  carried  by  glaciers;  third,  to  material  piled 
up  by  the  wind,  ^ving  a  dune  topography ;  and  f  om4h,  to  erosion  by  streams. 
The  material  deposited  by  streams  gives  rise  to  flat  or  very  slightiy  undulat- 
ing flood  plains  or  older  terrace  deposits.  These  are  found  principally  along 
the  Illinois  river,  Bureau  creek,  and  the  Green  river.  In  some  cases  the  ter- 
race deposits  are  slightly  rolling,  owing  probably  to  the  deposition  of  bars  in 
broad,  rather  strong,  currents  of  water. 

The  peculiar  topography  of  glacial  areas  is  due  to  the  fact  that  the  drift 
material  was  not  uniformly  distributed  thruout  the  mass  of  ice,  and  when  the 
ice  melted  it  left  the  material  in  irregular  heaps.  The  morainic  areas  are  char- 
acterized by  a  peculiar  billowy  topography  produced  by  the  irregular  piling  up 
of  material  at  the  end  of  the  glacier  and  by  the  covering  up  of  ice  masses  in 
the  moraines  which,  when  they  melted,  produced  depressions.  The  intermorainic 
areas  vary  in  topography  to  a  slight  extent,  giving  a  gently  rolling  character 
to  the  land. 
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The  dime  topography  occurs  in  the  northwestern  part  of  the  county  ¥dthin 
the  terrace  area  and  on  the  adjacent  uplands.  The  terrace,  during  the  time  of 
the  melting  glacier,  was  largely  covered  by  water  and  received  deposits  of  gravel, 
sand,  and  finer  material.  Much  of  the  sand  and  silt  was  reworked  by  the  wind 
and  piled  up  into  dimes.  The  erosion  topography  occurs  along  nearly  all  streams 
outside  of  the  terrace  area.  The  east  side  of  the  Bloomington  moraine  in  the 
southern  part  of  the  county  is  rather  badly  eroded  by  a  large  number  of  small 
streams. 

There  are  three  rather  distinct  drainage  areas  in  the  coimty :  one  in  the 
southwestern  part  (the  Spoon  river  basin,  which  is  a  part  of  the  Illinois  basin) ; 
one  in  the  northwestern  part  (the  Green  river  basin,  which  is  really  a  part  of 
the  Bock  river) ;  and  one  in  the  eastern  and  southeastern  part,  which  drains 
either  directly  into  the  Illinois  river  or  into  Bureau  creek,  which  flows  into  the 
Illinois.  Approximately  two-thirds  of  the  county  is  in  this  last  drainage  area. 
The  coimty  originally  contained  a  large  area  of  swamp  land  that  has  recently 
been  drained  into  the  Green  river  by  means  of  dredge  ditches. 

The  altitudes  of  some  places  in  Bureau  coimty  are  as  follows :  Arlington, 
762  feet ;  Buda,  767 ;  Bureau  Junction,  480 ;  Casbeer,  746 ;  Depue,  472 ;  Green 
Oak,  725 ;  Ladd,  653 ;  La  Moille,  803 ;  Maiden,  705 ;  Manlius,  795 ;  Milo,  885 ; 
Mineral,  636 ;  Neponset,  829 ;  New  Bedford,  650 ;  Ohio,  917 ;  Princeton,  718 ; 
Providence,  975 ;  Spring  VaUey,  465 ;  Sheffield,  671 ;  Tiskilwa,  519 ;  Van  Orin, 
807;   Walnut,  714;   Wyanet,  656;   Yorktown,  638;    Zearing,  761. 

The  highest  point  recorded  in  Bureau  county  occurs  on  the  Bloomington 
moraine  northeast  of  Providence,  where  the  land  rises  to  987  feet  above  sea 
level.  About  a  mile  north  of  the  village  of  Ohio  the  same  moraine  attains  a 
height  of  approximately  940  feet.  The  lowest  point  in  the  county  is  431  feet, 
giving  a  range  of  556  feet  in  altitude.  The  Bloomington  moraine,  representing 
the  outer  edge  of  the  Wisconsin  till  sheet,  has  a  number  of  points  over  900  feet 
in  height.  To  the  east  of  this  moraine  the  drop  is  somewhat  gradual  until  a 
height  of  approximately  750  feet  is  reached,  while  to  the  west  of  this  moraine 
the  drop  reaches  650  feet.  This  gives  about  100  feet  more  of  relief  to  the  west 
than  to  the  east.  One  decided  break  occurs  in  the  moraine,  thru  which  the 
canal  passes  at  the  present  time  and  which  at  one  time  formed  the  valley  thru 
which  the  Rock  river  probably  flowed  to  the  Illinois. 

SOIL  MATERIAL  AND  SOIL  TYPES 

Altho  the  county  has  been  largely  covered  by  glaciers,  the  glacial  drift  does 
not  constitute  any  large  part  of  the  material  from  which  the  soils  have  been 
derived  directly.  The  county  has  been  covered  by  a  stratum  of  wind-blown  or 
loessial  material  that  varies  from  four  to  twelve  feet  or  more  in  thickness.  This 
constitutes  the  material  from  which  the  soil  has  been  formed.  In  the  terrace 
region  in  the  northwest  part  of  the  county,  the  streams  have  mixed  this  to  a 
greater  or  less  extent  with  material,  often  coarser,  that  has  been  carried  and 
deposited  by  them. 

In  general,  the  loessial  material  is  deeper  on  the  lUinoisan  and  lowan  drift, 
because,  being  older,  there  has  been  more  time  for  deposition.  It  is  also  deeper 
on  the  flat  areas  than  on  the  rolling  ones  because  of  the  fact  that  erosion  has 
removed  much  from  the  rolling  land,  in  some  cases  leaving  the  glacial  drift  ex- 
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Table  1. — Soil  Types  of  Bureau  County,  Illinois 


Soil 
type 
No. 


Name  of  type 


Area  in 

square 

miles 


Area 

in 
acres 


Percent 

of  total 

area 


(a)     Upland  Prairie  Soils  (200,  500,  700,  900,  1100) 


-26 
-60 
-20 
-25 
-28 
-81 
-90 


Brown  silt  loam 

Brown  sandy  loam 

Black  clay  loam 

Black  silt  loam 

Brown-gray  silt  loam  on  tight  clay 

Dmie  sand 

Gravelly  loam 


461.56 

20.21 

.1.53 

7.52 

.13 

.25 

1.57 


492.77 


295,398 

12,934 

979 

4,813 

83 

160 

1,005 


315,372 


53.41 
2.34 
.18 
.87 
.01 
.02 
.18 

57.01 


(b)     Upland  Timber  Soils  (200,  500,  700,  900,  1100) 


-34 
-35 
-64 


Yellow-^y  silt  loam .  . . 

Yellow  silt  loam 

Yellow-gray  sandy  loam 


78.37 

56.88 

.21 


135.46 


50,157 

36,403 

134 


86,694 


9.07 

6.58 

.02 

15.67 


(c)     Terrace  Soils  (1500) 


1527 

1560 

1561 

1581 

1550 

1525 

1564 

1571 

1520 

1568 

1536 

1564. 

1560. 

1528 

1590 


Brown  silt  loam  over  gravel 

Brown  sandy  loam 

Black  sandy  loam 

Dune  sand 

Black  mixed  loam . 

Black  silt  loam 

Yellow-^ay  sandy  loam 

Brown  fine  sandy  loam • . . . 

Black  clay  loam 

Brown-gray  sandy  loam  on  tight  clay 
Yellow-gray  silt  loam  over  gravel. . . . 
Yellow-gray  sandy  loam  on  jp*avel . . . 

Brown  sandy  loam  on  gravel 

Brown-gray  silt  loam  on  tight  clay. . . 
Gravelly  loam 


59.65 

27.94 

13.48 

10.79 

3.93 

4.92 

4.96 

1.82 

.66 

2.44 

3.31 

.33 

.12 

.17 

.17 


134.69 


38,176 

17,882 

8,627 

6,906 

2,515 

3,149 

3,174 

1,165 

422 

1,562 

2,118 

211 

77 

109 

109 


86,202 


6.90 

3.24 

1.56 

1.25 

.46 

.57 

.58 

.21 

.08 

.28 

.38 

.04 

.01 

.02 

.02 

15.60 


(d)     Swamp  and  Bottom-Land  Soils  (1300,  1400) 


1354  f 

1454  ( 

1401 

1402 

1410 

1420 

1425 

1426 

1450 

1461 


I-  IMixed  loam 

Deep  peat 

Medium  peat  on  clay . 

Peaty  loam 

Black  clay  loam 

Black  silt  loam 

Deep  brown  silt  loam 
Black  mixed  loam .  . . 
Black  sandy  loam .  .  . 


Water 


Total  area  of  county. 


39.81 

10.00 

3.22 

17.07 

.25 

6.82 

12.90 

.66 

8.76 


99.49 


1.82 


864.23 


25,478 

6,400 

2,061 

10,925 

160 
4,365 
8,256 

422 
5,606 


63,673 


1,165 


553,103 


4.61 

1.16 
.37 

1.98 
.02 
.79 

1.49 
.08 

1.01 

11.51 

.21 

100.00 
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posed.  The  various  agencies  that  have  been  at  work  in  the  formation  and  trans- 
portation of  soil  material  necessarily  give  the  soils  of  the  county  a  varied  char- 
acter. In  addition  to  the  transporting  agencies,  the  accumulation  of  organic 
matter  has  gone  on  in  the  swamps  and,  to  a  slightly  less  extent,  upon  the  up- 
lands, and  this  together  with  the  mineral  material,  has  added  to  the  complexity 
of  the  soils. 

Many  of  the  smaller  streams  originally  did  not  have  distinct  channels,  but 
flowed  sluggishly  in  broad  shallow  valleys,  or  *' sloughs."  In  some  cases  the 
streams  flowing  into  these  from  the  upland  were  sufficiently  swift  to  transport 
fine  gravel  and  coarse  sand,  while  in  other  cases  nothing  but  the  finer  material 
was  carried.  This  has  given  rise  to  soils  that  contain  some  gravel  and  sand  in 
areas  where  normally  only  fine  material  would  be  found. 

The  soils  of  Bureau  county  are  divided  into  the  following  classes: 

(a)  Upland  Prairie  Soils. — These  are  rich  in  organic  matter.  This  land 
was  originally  covered  with  prairie  grasses,  the  partly  decayed  roots  of  which 
have  been  the  source  of  the  organic  matter.  The  flat  prairie  land  contains  a 
higher  amount  of  this  constituent  than -the  undulating  or  rolling  prairie,  because 
the  grasses  and  roots  grew  more  luxuriantly  there,  and  the  higher  moisture 
content  retarded  their  decay. 

The  upland  prairie  soils  include  some  areas  of  recent  timber  growth  where 
certain  kinds  of  trees  have  spread  over  the  prairie,  but  this  f  orestation  has  not 
been  of  sufficient  duration  to  produce  the  characteristic  timber  soils.  These  areas, 
of  greater  or  less  width,  are  found  along  the  border  of  most  timber  tracts,  so 
that  the  timber  actually  extended  a  little  farther  than  the  soil  type  indicates. 

(b)  Upland  Timber  Soils, — These  include  a  large  part  of  the  upland  that 
was  formerly  covered  with  forests.  These  soils  contain  much  less  organic  mat- 
ter than  the  prairie  soils,  because  the  large  roots  of  dead  trees  added  but  little, 
and  the  surface  accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by 
forest  fires  or  suffered  almost  complete  decay.  The  timber  lands  are  divided 
chiefly  into  two  subclasses — ^the  undulating  and  the  hilly  areas. 

(c)  Terrace  Soils. — These  include  bench  lands,  or  second  bottom  lands. 
They  were  formed  by  deposition  from  streams  overloaded  with  coarse  sediment 
during  the  melting  of  the  glacier  and  subsequently.  Finer  deposits  which  were 
later  made  upon  the  coarse  gravelly  material  now  constitute  the  soil. 

(d)  Late  Swamp  and  Bottom-Land  SoUs. — These  include  the  present  over- 
flow lands,  or  flood  plains  of  streams,  and  the  very  poorly  drained  lowlands, 
where  peats  and  peaty  loams  have  been  formed. 

Table  1  gives  the  area  of  each  type  of  soil  in  Bureau  county,  and  its  per- 
centage of  the  total  area.  Jhe  accompanying  map  shows  the  location  and 
boundary  of  each  type  of  soil,  even  when  the  type  covers  but  a  few  acres. 

XNVOICE  OF  PLANT  FOOD  IN  BUREAU  COUNTY  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive types,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable ;  hut  for  general  purposes  the  average 
may  be  considered  sufficient  to  characterize  the  soil  type. 
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The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood 
that  the  rate  of  liberation,  as  explained  in  the  Appendix,  page  41,  is  governed 
by  many  factors. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (the  best  measure 
of  the  organic  matter)  and  the  total  amounts  of  the  six  important  elements  of 
plant  food — ^nitrogen,  phosphorus,  suKur,  potassium,  magnesium,  and  calcium — 
contained  in  2  million  pounds  of  the  surface  soil  of  each  type  in  Bureau  county. 
Because  of  the  inadequacy  of  information  furnished  by  mere  averages  with 
respect  to  limestone  content  and  soil  acidity,  these  figures  are  not  included  in 
the  tabulated  results.  For  a  more  complete  explanation  of  this  point  see  note  in 
the  tables. 

The  variation  among  the  different  types  of  soil  with  respect  to  their  con- 
tent of  important  plant-food  elements  is  very  marked.  For  example,  the  deep 
peat  contains,  in  the  plowed  soil  of  an  acre,  22  times  as  much  nitrogen  as  the 
dune  sand,  but  it  carries  only  one-fourth  as  much  potassium  as  the  brown  silt 
loam.    Similar  variations  are  found  with  respect  to  the  other  elements. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple 
computations  are  of  interest  in  this  connection .  Take,  for  example,  a  four-field 
crop  rotation  of  wheat,  com,  oats,  and  clover.  Assuming  yields  of  50  bushels 
of  wheat  per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4  tons  of  clover, 
it  will  be  found  that  the  most  common  soil  of  Bureau  county,  the  brown  silt 
loam  of  the  prairie,  does  not  contain  more  than  enough  total  nitrogen  in  the 
plowed  soil  for  the  production  of  such  yields  for  nine  rotations  (36  years),  and 
the  other  extensive  upland  soils  in  the  county  are  even  poorer  in  this  element. 
With  respect  to  phosphorus  the  condition  differs  only  in  degree.  The  brown 
silt  loam  contains  no  more  of  this  element  than  would  be  required  for*  fifteen 
crop  rotations  if  such  yields  were  secured  as  are  suggested  above.  On  the  other 
hand,  the  potassium  in  the  surface  layer  of  this  common  soil  type  is  sufficient 
for  about  25  centuries  if  only  the  grain  is  sold,  or  for  about  400  years  even  df 
the  total  crops  should  be  removed  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant 
food  materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  cer- 
tainly emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements 
of  fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop 
yields  for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types  of  soil  in  Bureau  county.  It  should  be 
remembered,  however,  that  these  supplies  are  of  little  value  unless  the  top  soil 
is  kept  rich.  These  tables  also  show  great  stores  of  potassium  and  only  limited 
amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the  sur- 
face stratum  presented  in  Table  2. 
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posed.  The  various  agencies  that  have  been  at  work  in  the  formation  and  trans- 
portation of  soil  material  necessarily  give  the  soils  of  the  county  a  varied  char- 
acter. In  addition  to  the  transporting  agencies,  the  accumulation  of  organic 
matter  has  gone  on  in  the  swamps  and,  to  a  slightly  less  extent,  upon  the  up- 
lands, and  this  together  with  the  mineral  material,  has  added  to  the  complexity 
of  the  soils. 

Many  of  the  smaller  streams  originally  did  not  have  distinct  channels,  but 
flowed  sluggishly  in  broad  shallow  valleys,  or  ** sloughs.''  In  some  cases  the 
streams  flowing  into  these  from  the  upland  were  suiBciently  swift  to  transport 
fine  gravel  and  coarse  sand,  while  in  other  cases  nothing  but  the  finer  material 
was  carried.  This  has  given  rise  to  soils  that  contain  some  gravel  and  sand  in 
areas  where  normally  only  fine  material  would  be  found. 

The  soils  of  Bureau  county  are  divided  into  the  following  classes : 

(a)  Upland  Prairie  Soils. — These  are  rich  in  organic  matter.  This  land 
was  originally  covered  with  prairie  grasses,  the  partly  decayed  roots  of  which 
have  been  the  source  of  the  organic  matter.  The  flat  prairie  land  contains  a 
higher  amount  of  this  constituent  than -the  undulating  or  rolling  prairie,  because 
the  grasses  and  roots  grew  more  luxuriantly  there,  and  the  higher  moisture 
content  retarded  their  decay. 

The  upland  prairie  soUs  include  some  areas  of  recent  timber  growth  where 
certain  kinds  of  trees  have  spread  over  the  prairie,  but  this  forestation  has  not 
been  of  sufficient  duration  to  produce  the  characteristic  timber  soils.  These  areas, 
of  greater  or  less  width,  are  found  along  the  border  of  most  timber  tracts,  so 
that  the  timber  actually  extended  a  little  farther  than  the  soil  tjrpe  indicates. 

(b)  Upland  Timber  SoUs, — These  include  a  large  part  of  the  upland  that 
was  formerly  covered  with  forests.  These  soils  contain  much  less  organic  mat- 
ter than  the  prairie  soils,  because  the  large  roots  of  dead  trees  added  but  little, 
and  the  surface  accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by 
forest  fires  or  suffered  almost  complete  decay.  The  timber  lands  are  divided 
chiefly  into  two  subclasses — ^the  undulating  and  the  hilly  areas. 

(c)  Terrace  Soils, — These  include  bench  lands,  or  second  bottom  lands. 
They  were  formed  by  deposition  from  streams  overloaded  with  coarse  sediment 
during  the  melting  of  the  glacier  and  subsequently.  Finer  deposits  which  were 
later  made  upon  the  coarse  gravelly  material  now  constitute  the  soil. 

(d)  Late  Swamp  and  Bottom-Land  SoUs, — These  include  the  present  over- 
flow lands,  or  flood  plains  of  streams,  and  the  very  poorly  drained  lowlands, 
where  peats  and  peaty  loams  have  been  formed. 

Table  1  gives  the  area  of  each  type  of  soil  in  Bureau  county,  and  its  per- 
centage of  the  total  area.  Jhe  accompanying  map  shows  the  location  and 
boundary  of  each  type  of  soil,  even  when  the  type  covers  but  a  few  acres. 

INVOICE  OF  PLANT  FOOD  IN  BUBEAU  COUNTY  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive types,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable ;  but  for  general  purposes  the  average 
may  be  considered  sufficient  to  characterize  the  soil  type. 
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The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood 
that  the  rate  of  liberation,  as  explained  in  the  Appendix,  page  41,  is  governed 
by  many  factors. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (the  best  measure 
of  the  organic  matter)  and  the  total  amounts  of  the  six  important  elements  of 
plant  food — nitrogen,  phosphorus,  sulfur,  potassium,  magnesium,  and  calcium — 
contained  in  2  million  pounds  of  the  surface  soil  of  each  type  in  Bureau  county. 
Because  of  the  inadequacy  of  information  furnished  by  mere  averages  with 
respect  to  limestone  content  and  soil  acidity,  these  figures  are  not  included  in 
the  tabulated  results.  For  a  more  complete  explanation  of  this  point  see  note  in 
the  tables. 

The  variation  among  the  different  types  of  soil  with  respect  to  their  con- 
tent of  important  plant-food  elements  is  very  marked.  For  example,  the  deep 
peat  contains,  in  the  plowed  soil  of  an  acre,  22  times  as  much  nitrogen  as  the 
dune  sand,  but  it  carries  only  one-fourth  as  much  potassium  as  the  brown  silt 
loam.    Similar  variations  are  found  with  respect  to  the  other  elements. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple 
computations  are  of  interest  in  this  connection .  Take,  for  example,  a  four-field 
crop  rotation  of  wheat,  com,  oats,  and  clover.  Assuming  yields  of  50  bushels 
of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover, 
it  will  be  found  that  the  most  common  soil  of  Bureau  county,  the  brown  silt 
loam  of  the  prairie,  does  not  contain  more  than  enough  total  nitrogen  in  the 
plowed  soil  for  the  production  of  such  yields  for  nine  rotations  (36  years),  and 
the  other  extensive  upland  soils  in  the  county  are  even  poorer  in  this  element. 

With  respect  to  phosphorus  the  condition  differs  only  in  degree.  The  brown 
silt  loam  contains  no  more  of  this  element  than  would  be  required  for*  fifteen 
crop  rotations  if  such  yields  were  secured  as  are  suggested  above.  On  the  other 
hand,  the  potassium  in  the  surface  layer  of  this  common  soil  type  is  sufl&cient 
for  about  25  centuries  if  only  the  grain  is  sold,  or  for  about  400  years  even  if 
the  total  crops  should  be  removed  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant 
food  materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  cer- 
tainly emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements 
of  fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop 
yields  for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types  of  soil  in  Bureau  county.  It  should  be 
remembered,  however,  that  these  supplies  are  of  little  value  unless  the  top  soil 
is  kept  rich.  These  tables  also  show  great  stores  of  potassium  and  only  limited 
amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the  sur- 
face stratum  presented  in  Table  2. 
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posed.  The  various  agencies  that  have  been  at  work  in  the  formation  and  trans- 
portation of  soil  material  necessarily  give  the  soils  of  the  county  a  varied  char- 
acter. In  addition  to  the  transporting  agencies,  the  accumulation  of  organic 
matter  has  gone  on  in  the  swamps  and,  to  a  slightly  less  extent,  upon  the  up- 
lands, and  this  together  with  the  mineral  material,  has  added  to  the  complexity 
of  the  soils. 

Many  of  the  smaller  streams  originally  did  not  have  distinct  channels,  but 
flowed  sluggishly  in  broad  shallow  valleys,  or  "sloughs.''  In  some  caaes  the' 
streams  flowing  into  these  from  the  upland  were  suiBciently  swift  to  transport 
fine  gravel  and  coarse  sand,  while  in  other  cases  nothing  but  the  finer  material 
was  carried.  This  has  given  rise  to  soils  that  contain  some  gravel  and  sand  in 
areas  where  normally  only  fine  material  would  be  found. 

The  soils  of  Bureau  county  are  divided  into  the  following  classes: 

(a)  Upland  Prairie  Soils, — These  are  rich  in  organic  matter.  This  land 
was  originally  covered  with  prairie  grasses,  the  partly  decayed  roots  of  which 
have  been  the  source  of  the  organic  matter.  The  flat  prairie  land  contains  a 
higher  amount  of  this  constituent  than 'the  undulating  or  rolling  prairie,  because 
the  grasses  and  roots  grew  more  luxuriantly  there,  and  the  higher  moistni*e 
content  retarded  their  decay. 

The  upland  prairie  soils  include  some  areas  of  recent  timber  growth  where 
certain  kinds  of  trees  have  spread  over  the  prairie,  but  this  forestation  has  not 
been  of  sufficient  duration  to  produce  the  characteristic  timber  soils.  These  areas, 
of  greater  or  less  width,  are  found  along  the  border  of  most  timber  tracts,  so 
that  the  timber  actually  extended  a  little  farther  than  the  soil  tjrpe  indicates. 

(b)  Upland  Timber  SoUs, — These  include  a  large  part  of  the  upland  that 
was  formerly  covered  with  forests.  These  soils  contain  much  less  organic  mat- 
ter than  the  prairie  soils,  because  the  large  roots  of  dead  trees  added  but  little, 
and  the  surface  accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by 
forest  fires  or  suffered  almost  complete  decay.  The  timber  lands  are  divided 
chiefly  into  two  subclasses — ^the  undulating  and  the  hilly  areas. 

(c)  Terrace  Soils, — These  include  bench  lands,  or  second  bottom  lands. 
They  were  formed  by  deposition  from  streams  overloaded  with  coarse  sediment 
during  the  melting  of  the  glacier  and  subsequently.  Finer  deposits  which  were 
later  made  upon  the  coarse  gravelly  material  now  constitute  the  soil. 

(d)  Late  Swamp  and  Bottom-Land  Soils. — These  include  the  present  over- 
flow lands,  or  flood  plains  of  streams,  and  the  very  poorly  drained  lowlands, 
where  peats  and  peaty  loams  have  been  formed. 

Table  1  gives  the  area  of  each  type  of  soil  in  Bureau  county,  and  its  per- 
centage of  the  total  area.  X^^©  accompanying  map  shows  the  location  and 
boundary  of  each  type  of  soil,  even  when  the  type  covers  but  a  few  acres. 

INVOICE  OF  PLANT  FOOD  IN  BUBEAU  COUNTT  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive types,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable ;  but  for  general  purposes  the  average 
may  be  considered  sufficient  to  characterize  the  soil  type. 
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The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood 
that  the  rate  of  liberation,  as  explained  in  the  Appendix,  page  41,  is  governed 
by  many  factors. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (the  best  measure 
of  the  organic  matter)  and  the  total  amounts  of  the  six  important  elements  of 
plant  food — nitrogen,  phosphorus,  sulfur,  potassium,  magnesium,  and  calcium — 
contained  in  2  million  pounds  of  the  surface  soil  of  each  type  in  Bureau  county. 
Because  of  the  inadequacy  of  information  furnished  by  mere  averages  with 
respect  to  limestone  content  and  soil  acidity,  these  figures  are  not  included  in 
the  tabulated  results.  For  a  more  complete  explanation  of  this  point  see  note  in 
the  tables. 

The  variation  among  the  different  types  of  soil  with  respect  to  their  con- 
tent of  important  plant-food  elements  is  very  marked.  For  example,  the  deep 
peat  contains,  in  the  plowed  soil  of  an  acre,  22  times  as  much  nitrogen  as  the 
dune  sand,  but  it  carries  only  one-fourth  as  much  potassium  as  the  brown  silt 
loam.    Similar  variations  are  found  with  respect  to  the  other  elements. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple 
computations  are  of  interest  in  this  connection .  Take,  for  example,  a  four-field 
crop  rotation  of  wheat,  com,  oats,  and  clover.  Assuming  yields  of  50  bushels 
of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover, 
it  will  be  found  that  the  most  common  soil  of  Bureau  county,  the  brown  silt 
loam  of  the  prairie,  does  not  contain  more  than  enough  total  nitrogen  in  the 
plowed  soil  for  the  production  of  such  yields  for  nine  rotations  (36  years),  and 
the  other  extensive  upland  soils  in  the  county  are  even  poorer  in  this  element. 
With  respect  to  phosphorus  the  condition  differs  only  in  degree.  The  brown 
silt  loam  contains  no  more  of  this  element  than  would  be  required  for*  fifteen 
crop  rotations  if  such  yields  were  secured  as  are  suggested  above.  On  the  other 
hand,  the  potassium  in  the  surface  layer  of  this  common  soil  type  is  suflBcient 
for  about  25  centuries  if  only  the  grain  is  sold,  or  for  about  400  years  even  if 
the  total  crops  should  be  removed  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant 
food  materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  cer- 
tainly emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements 
of  fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop 
yields  for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types  of  soil  in  Bureau  county.  It  should  be 
remembered,  however,  that  these  supplies  are  of  little  value  unless  the  top  soil 
is  kept  rich.  These  tables  also  show  great  stores  of  potassium  and  only  limited 
amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the  sur- 
face stratum  presented  in  Table  2. 
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DESCBIPTION  OF  INDIVmUAL  SOIL  TYPES 

(a)     UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  Bureau  county  cover  492.77  square  miles,  or 
57.01  percent  of  the  area  of  the  county.  They  are  usually  either  brown  or  black 
in  color,  owing  to  the  large  organic-matter  content.  They  occupy  the  less  roll- 
ing, but  not  swampy,  areas. 

Brown  SUt  Loam  (226,  526,  726,  926,  1126) 

The  brown  silt  loam  is  the  most  important  as  well  as  the  most  extensive  type 
in  Bureau  county.  It  covers  an  area  of  461.56  square  miles,  or  53.41  percent  of 
the  area  of  the  entire  county.  This  type  occupies  the  slightly  undulating  to 
rolling  areas  of  the  prairie  land,  both  morainal  and  intermorainal.  The  irregu- 
larities are  due  in  a  slight  measure  to  erosion,  but  primarily  to  irregular  deposi- 
tion of  material  by  the  glaciers.  While  surface  drainage  is  generally  good,  there 
are  many  places  where  the  use  of  tile  is  necessary  to  remove  the  excess  of  water, 
and  it  is  doubtless  true  that  tile  could  be  advantageously  used  to  a  greater  ex- 
tent than  it  is  being  used  at  present. 

The  soil  is  formed  from  a  wind-blown  or  loessial  material  which  covers  the 
region  to  a  depth  of  from  two  to  twelve  feet,  the  deeper  deposit  being  over  the 
Illinoisan  and  lowan  drift  sheets.  This  material  is  mostly  composed  of  the 
different  grades  of  silt,  the  soil  constituent  intermediate  in  fineness.  Altho 
brown  silt  loam  is  normally  a  prairie  soil,  yet  in  some  limited  areas  forests 
have  recently  invaded  it.  They  have  not,  however,  changed  it  materially.  These 
forests  consist  largely  of  black  walnut,  wild  cherry,  hackberry,  ash,  hard  maple, 
and  elm.  A  black-walnut  soil  is  recognized  generally  by  farmers  as  being  one 
of  the  best  timber  soils  because  of  the  fact  that  it  still  contains  a  large  amount 
of  organic  matter,  characteristic  of  prairie  soils.  After  the  growth  of  several 
generations  of  trees,  the  organic  matter  may  become  so  reduced  that  the  soil 
would  then  be  classed  as  a  timber  type. 

Hie  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  varying  on  the  one 
hand  to  black  as  it  grades  into  black  clay  loam  (1120),  or  black  silt  loam  (1125), 
and  on  the  other  hand  to  grayish  brown  or  yellowish  brown  as  it  grades  into 
the  timber  types.  It  contains  a  sufficient  amount  of  the  coarser  constituents 
(coarse  silt  and  fine  sand)  to  make  it  work  easily  and  yet  enough  fine  silt  and 
clay  to  give  it  stability  and  cause  it  to  granulate.  Where  the  brown  silt  loam 
occurs  near  the  sandy  loam,  the  type  contains  some  sand  and  it  may  even  in- 
clude small  areas  of  sandy  loam  that  are  not  large  enough  to  be  shown  on  the 
map.  It  contains  from  65  to  80  percent  of  silt,  10  to  15  percent  of  clay,  and 
15  to  30  percent  of  sand. 

The  organic-matter  content  varies  from  3.7  to  6.6  percent,  with  an  aver- 
age of  5.2  percent,  or  52  tons  per  acre.  In  the  more  rolling  morainal  areas  there 
is  less  organic  matter  than  in  the  low,  richer,  and  poorly  drained  parts,  the 
larger  moisture  content  of  the  latter  encouraging  a  ranker  growth  of  grasses  and 
roots  and  at  the  same  time  furnishing  more  favorable  conditions  for  their  pres- 
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ervation.     The  organic  matter  bei^omes  less  where  the  type  grades  into  the 
yellow-gray  silt  loam  (534,  934,  and  1134). 

The  natural  subsurface  strahim  varies  from  9  to  16  inches  in  thickness,  and 
front  a  dark  brown  or  even  black  to  a  yellowish  brown  silt  loam.  Both  color 
and  depth  vary  with  the  topography,  the  type  being  lighter  and  shallower  on 
the  more  rolling  areas.  Both  the  surface  and  subsurface  are  lighter  in  color 
where  the  type  grades  into  the  yellow-gray  silt  loam.  The  subsurface  as  sam- 
pled (6%  to  20  inches)  contains  3.1  percent  of  organic  matter,  or  62  tons  per 
acre.  The  natural  subsurface  is  thicker  in  the  lower,  heavier,  and  poorly 
drained  areas.  This  condition  is  due  to  the  fact  that  deep  cracks  form  in  these 
low  areas  during  periods  of  drouth,  which  allow  some  of  the  dark  surface  soil 
to  be  washed  down  by  the  rains,  thus  producing  a  deep  layer  of  black  soil. 

The  natural  subsoil  begins  at  a  depth  of  12  to  22  inches.  It  is  a  yellow 
or  drabbish  clayey  silt  or  silty  clay,  somewhat  plastic  when  wet.  Where  the 
drainage  has  been  good,  the  color  varies  from  a  pale  to  a  bright  yellow,  but 
where  drainage  has  been  poor  it  approaches  a  drab  or  an  olive  with  pale  yellow 
mottlings  or  a  yellow  with  mottlings  of  drab,  due  to  a  lack  of  oxidation  of  iron. 
The  layer  of  loessial  material  is  so  deep  that  the  drift  rarely  forms  any 
part  of  the  subsoil  to  a  depth  of  40  inches.  Variations  of  the  subsoil  occur  in 
limited  areas  adjacent  to  the  sandy  loam,  and  are  due  to  the  presence  of  more 
or  less  sand  in  the  subsoil.  In  some  small  areas  the  subsoil  passes  into  sand, 
indicating  a  sand  deposit  before  the  loess  was  deposited. 

Treatment, — When  the  virgin  brown  silt  loam  was  first  cropped,  the  soil 
was  in  fine  tilth,  worked  easily,  and  large  crops  could  be  grown  with  much  less 
work  than  now.  Continuous  cropping,  however,  to  corn  or  com  and  oats  with 
the  burning  of  com  stalks,  stubble,  grass,  and  in  many  cases  even  straw,  has 
destroyed  the  tilth  in  a  great  measure  and  now  the  soil  is  more  diflScult  to  work, 
washes  badly,  runs  together,  and  bakes  more  readily.  Unless  the  moisture  con- 
ditions are  very  favorable,  the  ground  plows  up  cloddy  and  imless  well-dis- 
tributed rains  follow,  a  good  seed  bed  is  difficult  to  produce.  The  clods  may 
remain  all  season.  Much  plant  food  is  locked  up  in  them  and  thus  made  un- 
available, so  that  the  best  results  cannot  be  obtained.  This  condition  of  poor 
tilth  may  become  serious  if  the  present  methods  of  management  continue;  it 
is  already  one  of  the  factors  that  limits  crop  yields.  The  remedy  is  to  increase 
the  organic-matter  content  by  plowing  under  every  available  form  of  vegetable 
material,  such  as  farm  manure,  com  stalks,  straw,  clover,  stubble,  and  even 
weeds. 

The  deficiency  of  organic  matter  in  the  soils  is  shown  by  the  way  the  fall- 
plowed  land  runs  together  during  the  winter.  Much  more  work  is  required  to 
produce  a  seed  bed  than  was  formerly  the  case.  The  result  is  that  com  is  fre- 
quently planted  in  poorly  prepared  seed  beds  and  as  a  consequence  it  "fires" 
badly.  Pall-plowed  land  should  be  disked  early  and  deep  for  the  purpose  of 
conserving  moisture,  raising  the  temperature,  and  making  plant  food  available. 
The  addition  of  fresh  organic  matter  is  not  only  of  great  value  in  improving 
the  physical  condition  of  this  type  of  soil,  but  it  is  of  even  greater  importance 
because  of  its  nitrogen  content  and  because  of  its  power,  as  it  decays,  to  lib- 
erate potassium  from  the  inexhaustible  supply  in  the  minerals  of  the  soil,  and 
phosphorus  from  the  phosphate  contained  in  or  applied  to  the  soil. 
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For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  be  applied  liberally ;  and  sufficient  organic  matter  should  be  pro- 
vided to  furnish  the  necessary  amount  of  nitrogen.  On  much  of  the  type,  lime- 
stone is  already  becoming  deficient.  An  application  of  2  tons  of  limestone,  where 
needed,  and  i/^  ton  of  finely  ground  rock  phosphate  per  acre  every  four  years, 
with  the  return  to  the  soil  of  all  manure  made  from  a  rotation  of  com,  com, 
oats,  and  clover,  will  maintain  the  fertility  of  this  type,  altho  heavier  applica- 
tions of  phosphate  may  well  be  made  during  the  first  two  or  three  rotations, 
and  the  first  application  of  limestone  may  well  be  4  tons  per  acre.  If  grain 
farming  is  practiced,  the  rotation  may  be  wheat,  com,  oats,  and  clover,  with  an 
extra  seeding  of  clover  (preferably  sweet  clover)  as  a  cover  crop  in  the  wheat, 
to  be  plowed  under  late  in  the  fall  or  in  the  following  spring  for  com ;  and  most 
of  the  crop  residues,  including  the  clover  chaflf  from  the  seed  crops,  should  also 
be  plowed  under.  In  live-stock  farming,  the  regular  rotation  may  be  extended 
to  five  or  six  years  by  seeding  both  timothy  and  clover  with  the  oats,  and  pastur- 
ing one  or  two  years.  Alsike  may  well  replace  red  clover  at  times,  in  order  to 
avoid  clover  sickness.  In  either  system,  alfalfa  may  be  grown  on  a  fifth  field 
and  moved  every  five  years,  the  hay  being  fed  or  sold.  For  results  secured  in 
field  experiments  on  brown  silt  loam,  see  page  52  of  the  Supplement. 

Brown  Sandy  Loam  (260,  560,  760,  960,  1160) 

Brown  sandy  loam  occurs  chiefiy  in  the  western  part  of  the  county.  It 
covers  20.21  square  miles,  or  2.34  percent  of  the  area  of  the  county.  In  topog- 
raphy it  is  somewhat  undulating,  owing  to  the  fact  that  sand  was  deposited  over 
much  of  the  area  in  the  form  of  low  dunes.  The  soil  was  later  formed  from  this 
sand.  In  other  areas,  the  undulating  character  of  the  surface  is  due  to  irregu- 
lar deposition  of  the  glacial  drift,  while  in  still  others  the  irregularities  are  due 
to  erosion.  In  these  latter  cases  sand  has  been  added  to  the  soil  thru  the  agency 
of  wind.  Small  areas  of  brown  sandy  loam  have  been  covered  with  forest,  but 
not  long  enough  to  change  the  character  of  the  soil  to  any  extent. 

TJie  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam,  varying  in  color 
from  black  to  light  brown  or  yellowish  brown.  In  sand  content  it  varies  from 
50  to  80  percent,  but  the  larger  part  of  the  area  is  of  the  more  sandy  phase,  with 
approximately  65  to  70  percent  of  sand.  The  organic-matter  content  of  the 
surface  stratum  varies  from  1.6  to  3.4  percent,  with  an  average  of  2.3  percent, 
or  23  tons  per  acre.  The  amount  is  less  in  the  more  sandy  phase,  which  usually 
occupies  the  more  rolling  or  dune-like  parts. 

The  natural  subsurface  varies  from  6  to  18  inches  in  thickness  and  is  mostly 
yellowish  brown,  brownish  yellow,  and  yellow  in  color.  The  subsurface  is  not 
separated  from  the  subsoil  by  a  distinct  line,  but  passes  into  it  gradually,  as 
indicated  by  the  gradual  change  in  color,  and  usually  by  an  increase  in  sand 
content.  The  stratum  is  deeper  on  well-drained  areas  where  roots  are  able  to 
penetrate  to  a  considerable  depth.  The  amount  of  organic  matter  in  the  stratum 
sampled  (6%  to  20  inches)  varies  from  1.3  to  1.7  percent,  averaging  1.5  percent, 
or  30  tons  per  acre. 

The  natural  suisoU  begins  at  a  depth  of  12  to  24  inches.  It  varies  in 
physical  composition  from  a  sandy  silt  to  a  yellow  medium  sand.  The  stratum 
20  to  40  inches  contains  about  .6  percent  of  organic  matter. 
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Treatment, — This  type  is  generally  well  drained.  A  few  small  areas  need 
artificial  drainage. 

In  the  management  of  brown  sandy  loam,  the  organic  matter  should  be 
increased  or  at  least  maintained  by  turning  under  farm  manure,  crop  residues, 
and  legumes.  Organic  matter,  in  addition  to  furnishing  nitrogen,  will  prevent 
the  movement  of  sand  by  the  wind,  which  is  very  likely  to  take  place  on  the 
more  sandy  areas  as  the  organic  content  is  diminished.  On  the  very  sandy 
areas,  cowpeas  or  sweet  clover  are  good  legumes  to  grow.  Ground  limestone  and 
organic  manures  are  of  the  gi-eatest  importance  in  the  improvement  of  this  soil. 
While  the  total  supply  of  phosphorus  is  much  less  than  in  the  brown  silt  loam, 
the  porous  character  of  the  subsurface  and  subsoil,  which  affords  a  deep  feed- 
ing range  for  plant  roots,  is  likely  to  more  than  counterbalance  this  lack,  so  that 
the  application  of  phosphorus  is  not  advised  except  where  other  limiting  soil 
factors  have  been  provided  for.  Initial  applications  of  3  to  4  tons  per  acre  of 
limestone  should  be  made  with  about  2  tons  every  four  or  five  years  thereafter. 

Black  Clay  Loam  (520,  920,  1120) 

Black  clay  loam  is  one  of  the  types  that  represent  the  flat,  heavy,  prairie 
land  that  is  sometimes  called  "gumbo,''  because  of  its  sticky  character.  Its 
formation  in  the  flat,  poorly  drained  areas  is  due  to  the  accumulation  of  organic 
matter  and  the  washing  in  of  clay  and  fine  silt  from  the  slightly  higher  adjoin- 
ing lands.    This  type  occupies  979  acres,  or  .18  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  black,  granular,  plastic  clay  loam 
varying  to  black  clayey  silt  loam.  It  contains  about  7.4  percent  of  organic 
matter,  or  74  tons  per  acre. 

The  natural  subsurface  stratum  has  a  thickness  of  10  to  16  inches,  and 
varies  from  a  black  at  the  top  to  a  pale  yellowish  drab  clay  loam,  usually  some- 
what heavier  than  the  surface  soil.  The  stratum  as  sampled  (6%  to  20  inches) 
contains  about  3.4  percent  of  organic  matter,  or  68  tons  per  acre.  The  stratum 
is  pervious  to  water,  owing  principally  to  the  jointing  or  checking  from  shrinkage 
in  times  of  drouth. 

The  subsoil  to  a  depth  of  40  inches  varies  from  a  drab  to  a  yellowish  drab 
silty  clay.  As  a  rule,  the  iron  is  not  highly  oxidized,  because  of  poor  drainage 
and  lack  of  aeration.  Concretions  of  carbonate  of  lime  are  sometimes  found. 
The  perviousness  of  the  subsoil  is  about  the  same  as  that  of  the  subsurface,  and 
is  due  to  the  same  cause.  When  thrown  out  on  the  surface  where  wetting  and 
drying  may  take  place,  it  soon  breaks  into  small  cubical  masses. 

Black  clay  loam  grades  into  other  types,  especially  into  black  silt  loam  and 
brown  silt  loam.  The  washing  in  of  silty  material  from  the  higher  surrounding 
land,  especially  near  the  edges  of  the  area,  gives  the  surface  a  silty  character. 
This  change  is  taking  place  more  rapidly  now  than  formerly,  when  washing 
was  largely  prevented  by  prairie  grasses. 

Treatment, — Drainage  is  the  first  requirement  in  the  management  of  this 
type.  It  is  easily  tile  drained  where  an  outlet  is  obtainable.  Keeping  the  soil 
in  good  tilth  is  very  essential,  and  thoro  drainage  helps  to  do  this  to  a  great 
extent. 

As  the  organic  matter  is  destroyed  by  cultivation  and  nitrification,  and  as 
the  limestone  is  removed  by  cropping  and  leaching,  the  physical  condition  of 
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the  soil  becomes  poorer,  and  as  a  consequence  it  becomes  more  difficult  to  work. 
Both  organic  matter  and  limestone  develop  granulation,  a  very  necessary  con- 
dition for  maintaining  the  tilth,  especially  of  heavy  soils.  The  organic  matter 
should  be  maintained  by  turning  under  farm  manure  and  crop  residues,  such 
as  corn  stalks  and  straw,  and  by  the  use  of  clovers  and  pasture  in  rotations. 

Altho  the  sample  collected  in  Bureau  county  shows  no  limestone  present, 
this  type  is  likely  to  vary  in  this  respect.  It  is  therefore  advisable  to  apply  the 
simple  tests  for  limestone  described  in  the  Appendix  (page  43),  and  in  case 
limestone  is  not  present  this  material  should  be  applied  at  the  rate  of  at  least 
2  tons  per  acre. 

While  black  clay  loam  is  one  of  the  best  soils  in  the  state,  yet  the  day  and 
humus  which  it  contains  give  it  the  property  of  shrinkage  and  expansion  to 
such  a  degree  as  to  be  somewhat  objectionable  at  times,  especially  during  drouth. 
When  the  soil  is  wet,  these  constituents  expand,  and  when  the  moisture  evap- 
orates or  is  used  by  the  crops,  they  shrink.  This  results  in  the  formation  of 
cracks  which  are  sometimes  as  much  as  two  or  more  inches  in  width  at  the  surface 
and  extend  with  lessening  width  to  two  or  three  feet  in  depth.  These  cracks 
allow  the  soil  strata  to  dry  out  rapidly,  and  as  a  result  the  crop  is  injured  thru 
lack  of  moisture.  They  may  do  considerable  damage  by  ** blocking  out"  hills  of 
com  and  severing  the  roots.  While  cracking  may  not  be  prevented  entirely, 
good  tilth  and  a  soil  mulch  will  do  much  toward  that  end.  Both  for  aeration 
and  as  a  means  of  producing  a  mulch  for  conserving  moisture,  cultivation  is 
more  essential  on  this  type  than  on  the  lighter  types  of  soil.  It  must  be  xemem- 
bered,  however,  that  cultivation  should  be  as  shallow  as  possible  in  order  to  avoid 
injuring  the  roots  of  the  com. 

The  results  of  field  experiments  on  this  type  of  soil  are  given  on  page  64 
of  the  Supplement. 

Black  Silt  Loam  (225,  525,  725,  925,  1125) 

Black  silt  loam  occupies  low,  flat  areas  or  sloughs,  occurring  in  situations 
somewhat  similar  to  those  of  the  black  clay  loam  ( — 20),  but  it  has  had  more  of 
the  coarser  material  washed  in,  and  as  a  result  is  somewhat  friable  and  silty. 
It  covers  a  total  area  of  4,813  acres.  In  topography,  this  type  is  flat  and  naturally 
poorly  drained. 

The  surface  soil,  0  to  6%  inches,  is  a  black  silt  loam  varying  on  the  one 
hand  to  brown  silt  loam,  and  on  the  other  to  black  clay  loam,  and  even  grading 
toward  muck  in  some  cases.  It  is  quite  granular,  and  as  a  result  is  very  pervious 
to  both  air  and  water.  It  contains  10.1  percent  of  organic  matter,  or  101  tons 
per  acre.    This  is  one  of  the  richest  soils  in  organic  matter  excepting  the  peats. 

The  natural  subsurface  is  from  12  to  16  inches  thick,  and  is  a  black  to  a 
dark  brown  clayey  silt  loam  becoming  drab  or  yellowish  drab  at  the  beginning 
of  the  subsoil.  The  subsurface  stratum  (6%  to  20  inches)  contains  4.9  percent 
of  organic  matter,  or  98  tons  per  acre. 

The  subsoil  is  a  yellow  or  drabbish  yellow  clayey  silt  that  permits  free  move- 
ment of  water. 

Treatment. — In  the  management  of  this  type  the  same  precautions  should 
be  observed  with  respect  to  drainage  and  the  maintenance  of  organic  matter  as 
in  the  management  of  black  clay  loam. 
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Brown-Gray  Silt  Loam  on  Tight  Clay  (228,  528,  1128) 

Brown-gray  silt  loam  on  tight  day  is  found  only  in  small  isolated  areas  that 
cover  altogether  but  83  acres.  These  areas  usually  occupy  depressions  in  which 
some  peculiar  conditions  of  drainage  have  produced  this  soil. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  with  areas  of  a  grayish 
tint,  especially  when  the  soil  becomes  dry  following  a  rain.  The  surface  stratum 
contains  about  4.1  percent  of  organic  matter,  or  41  tons  per  acre. 

The  subsurface  is  a  gray  silt  loam  becoming  more  yellow  as  the  subsoil  is 
approached.  It  is  slowly  pervious  to  water.  This  stratum  contains  1.7  percent 
of  organic  matter.  A  sudden  decrease  in  the  organic  matter  content  of  the  sub- 
surface is  characteristic  of  this  type. 

The  subsoil  is  a  tough,  plastic,  impervious  clay,  of  a  brownish  gray  or  yellow 
color. 

Treatment. — The  first  requirement  of  this  type  is  good  drainage,  and  this 
is  somewhat  difficult  to  secure  at  first  because  of  the  impervious  character  of 
the  soil.  After  the  soil  is  thoroly  tile-drained,  fromi  3  to  5  tons  per  acre  of 
crashed  limestone  should  be  applied,  and  deep  rooting  crops,  such  as  red,  mam- 
moth, or  preferably  sweet  clover,  should  be  grown.  These  legumes,  along  with 
any  available  manure  and  crop  residues,  should  be  turned  under  for  soil  im- 
provement. Applications  of  from  i^  to  1  ton  per  acre  of  rock  phosphate  should 
be  made  every  four  or  five  years  until  2  tons  have  been  applied. 

Dune  Sand  (581,  781,  981,  1181) 

The  dune  sand  on  the  upland  occurs  as  small,  irregular  patches  scattered 
over  the  sandy-loam  areas  and  widely  distributed  over  the  west  half  of  the 
county.  They  represent  the  higher  dimes  of  this  county,  which  have  never  been 
covered  with  finer  material  or  from  which  the  fine  material  has  been  removed 
by  wind  and  water.  The  total  area  is  160  acres,  or  .02  percent  of  the  area  of 
the  county.  This  dune  sand  type  does  not  differ  from  the  terrace  dime  sand, 
and  for  further  discussion  of  its  character  and  treatment  the  reader  is  referred 
to  the  description  of  terrace  dune  sand  (page  25). 

Gravelly  Loam  (290,  790,  990,  1190) 

Gravelly  loam  occurs  principally  in  Towns  15  and  16  North,  Range  7  East, 
in  small  irregular  areas,  and  covers  altogether  1,005  acres  in  this  county. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  gravelly  loam  containing  2.2 
percent  of  organic  matter,  or  22  tons  per  acre. 

The  subsurface  is  a  light  brown  gravelly  sandy  loam,  having  an  organic- 
matter  content  of  1.1  percent. 

Hie  subsoil  is  a  yellowish  or  brownish  gravel. 

Treatment. — ^Where  this  type  does  not  contain  too  much  coarse  material, 
good  crops  may  be  grown.  It  is  necessary  that  the  organic  matter  be  maintained 
OP  even  increased. 

(b)  UPLAND  TIMBER  SOILS 

The  upland  timber  soils  occur  as  irregular  zones  along  streams  and  on  or 
near  somewhat  steep  morainal  ridges.    They  are  characterized  by  a  yellow,  yel- 
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lowish  gi'ay,  or  gray  color,  which  is  due  to  their  facilities  for  oxidation  and  to 
their  low  organic-matter  content.  The  deficiency  of  organic  matter  has  been 
caused  by  the  long-continued  growth  of  forest  trees.  After  the  forest  mvaded 
the  prairies  two  effects  were  produced :  first,  the  shade  from  the  trees  prevented 
the  growth  of  prairie  grasses,  the  roots  of  which  are  mainly  responsible  for  the 
large  organic-matter  content  in  prairie  soils ;  second,  the  trees  themselves  added 
very  little  organic  matter  to  the  soil,  for  the  leaves  and  branches  either  decayed 
completely  or  were  burned  by  forest  fires.  Furthermore,  the  organic  matter  that 
had  been  produced  by  the  prairie  grasses  became  gradually  dissipated  during 
the  occupation  of  t^e  land  by  the  trees.  As  a  result,  the  organic-matter  content 
of  the  upland  timber  soils  has  been  reduced  until  it  is  decidedly  lower  than 
that  of  the  adjacent  prairie  land.  Several  generations  of  trees  were  necessary 
to  produce  the  present  condition  of  the  soil. 

The  upland  timber  soils  comprize  135.46  square  miles,  or  15.67  percent  of 
the  entire  area  of  the  county. 

Yellow-Gray  Silt  Loam  (234,  534,  734.  934,  1134) 

Yellow-gray  silt  loam  generally  occurs  in  the  outer  timber  belts  along 
streams.  The  type  covers  78.37  square  miles,  or  about  9  percent  of  the  entire 
area  of  the  county.  In  topography  it  is  sufficiently  rolling  for  fair  surface  drain- 
age without  much  tendency  to  wash  if  proper  care  is  taken. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow,  yellowish  gray,  gi'ay,  or  gray- 
ish brown,  silt  loam,  pulverulent,  but  not  granular.  The  more  nearly  level  areas 
are  gray  in  color,  while  the  more  rolling  phase  of  the  type  is  a  grayish  yellow  or 
brownish  yellow.  As  the  type  approaches  the  brown  silt  loam  it  becomes  de- 
cidedly darker.  The  organic-matter  content  varies  from  2  to  3.5  percent,  with 
an  average  of  2.6  percent,  or  26  tons  per  acre.  The  greatest  variation  in  the 
organic-matter  content  is  found  in  the  more  rolling  areas  where  erosion  has  taken 
place. 

In  some  places  it  is  extremely  difficult  to  draw  the  line  between  the  long- 
cultivated  and  somewhat  eroded  brown  silt  loam,  and  the  yellow-gray  silt  loam. 
This  is  especially  true  in  some  parts  of  the  upper  Illinoisan  glaciation,  notably 
in  Town  14  North,  Range  8  East,  and  Towns  15  North,  Ranges  6  and  7  East. 
Here  the  brown  silt  loam  is  quite  rolling  and  the  slopes  have  in  some  cases  eroded 
sufficiently  so  that  they  are  mapped  as  yellow-gray  silt  loam.  They  probably 
never  have  been  timbered. 

The  variation  in  texture  of  the  surface  stratum  is  due,  to  some  extent,  to 
the  irregular  deposition  of  sand  by  the  wind.  In  some  of  the  yellow-gray  silt 
loam  areas  near  the  former  extensive  swamp,  sand  has  been  blovni  onto  the  up- 
lands, thus  increasing  the  normal  amount  of  sand  to  such  an  extent  that  some 
very  small  areas,  not  sufficiently  large  to  map,  are  sandy  loams. 

The  natural  subsurface  stratum  varies  from  3  to  5  inches  in  thickness  on 
the  more  rolling  parts  and  from  8  to  14  inches  on  the  more  level  areas,  with  an 
average  of  about  10  inches.  It  is  usually  a  gray,  grayish  yellow,  or  yellow  silt 
loam.  The  organic-matter  content  of  the  stratum  sampled  (67^^  to  20  inches) 
varies  from  .6  to  1  percent,  with  an  average  of  .8  percent,  or  16  tons  per  acre. 
The  physical  composition  of  the  subsurface  varies  with  the  surface. 

The  subsoil  is  a  yellow  or  a  mottled  grayish  yellow  clayey  silt  or  silty  clay, 
somewhat  plastic  when  wet,  but  friable  when  only  moist.     It  is  pervious  to 
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water.  The  subsoil  varies  in  physical  composition  even  more  than  the  surface 
stratum.  Frequently  boulder  clay  constitutes  part  or  all  of  the  subsoil.  Some- 
times sand  may  be  encountered  in  the  subsoil  at  a  depth  of  from  30  to  40  inches. 
The  sand  was  deposited  by  the  wind  previous  to  the  deposition  of  the  loess  which 
constitutes  most  of  the  soil  material  of  the  upland  in  Bureau  county. 

This  type  drains  well  except  on  some  of  the  more  level  and  older  forested 
areas,  where  a  somewhat  tough  and  tight  clayey  layer  has  developed  that  re- 
tards the  movement  of  water. 

Treatment. — ^In  the  management  of  yellow-gray  silt  loam,  it  is  very  neces- 
sary to  maintain  or  even  to  increase  the  organic-matter  content.  This  is  neces- 
sary in  order  to  supply  nitrogen  and  liberate  mineral  plant  foods ;  to  give  the 
soil  better  tilth ;  to  prevent  running  together  during  heavy  rains ;  and  to  pre- 
vent erosion  on  the  more  rolling  phase.  Rotations  should  be  practiced  that  for 
a  time  at  least  will  keep  the  soil  in  pasture,  clover,  or  alfalfa,  and  reduce  the 
tilled  crops  to  a  minimum  acreage. 

The  samples  analyzed  showed  considerable  acidity  especially  in  the  sub- 
surface. In  such  cases  ground  limestone  should  be  applied  in  order  that  legumes 
may  be  grown  successfully.  An  initial  application  of  2  to  4  tons  per  acre  is 
suggested,  after  which  1  to  2  tons  per  acre  every  four  or  five  years  will  probably 
be  sufficient.  Since  the  soil  is  poor  in  phosphorus,  this  element  should  be  applied. 
In  permanent  systems  of  farming,  finely  ground  natural  rock  phosphate  will  be 
found  the  most  economical  form  in  which  to  supply  the  phosphorus,  altho  when 
prices  are  normal  steamed  bone  meal  or  acid  phosphate  may  well  be  used  tem- 
porarily until  plenty  of  decaying  organic  matter  can  be  provided. 

For  results  from  practical  field  experiments  upon  yellow-gray  silt  loam,  see 
page  65  of  the  Supplement. 

Yellow  Silt  Loam  (235,  535,  735,  935,  1135) 

Yellow  silt  loam  occurs  as  hilly  and  badly  eroded  land  on  the  inner  timber 
belts  adjacent  to  the  streams,  usually  in  narrow  irregular  strips  with  arms  ex- 
tending up  the  small  valleys.  The  type  covers  an  area  of  56.88  square  miles, 
or  6.58  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  or  grayish  yellow  friable  silt 
loam.  It  varies  greatly  in  color,  owing  to  recent  erosion.  In  places  the  natural 
subsoil  may  be  exposed,  and  this  gives  it  a  decidedly  yellow  color.  When  freshly 
plowed  the  soil  appears  yellow  or  grayish  yellow,  but  when  it  becomes  dry  after 
a  rain  it  is  decidedly  gray.  The  surface  soil  in  some  places  may  be  composed 
of  boulder  clay,  which  usually  contains  more  or  less  gravel.  The  area  of  this, 
however,  is  very  limited.  Near  sandy-loam  areas  the  surface  soil  may  be  some- 
what sandy  and  may  even  become  a  sandy  loamt,  but  these  areas  are  usually 
too  small  to  be  shown  on  the  map.  The  organic-matter  content  varies  from  2 
to  2.4  percent,  with  an  average  of  2.2  percent,  or  22  tons  per  acre. 

The  natural  subsurface  varies  from  an  inch  or  two  to  12  inches  in  thick- 
ness, and  is  usually  a  yellow  silt  loam,  altho  on  the  steepest  slopes  it  may  con- 
sist of  a  clayey  silt  loam.  In  other  places  it  may  contain  a  considerable  amount 
of  sand.  The  organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches) 
is  about  14  tons  per  acre. 

The  subsoil  is  normally  a  yellow  clayey  silt.  On  the  more  eroded  areas, 
however,  it  may  be  composed  in  part  or  entirely  of  boulder  clay  or  drift,  and 
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where  the  wind  has  transported  a  great  deal  of  sand  the  subsoil  may  be  sandy 
or  even  a  sand. 

Treatment, — The  first  and  most  important  point  in  the  management  of  this 
type  is  the  prevention  of  general  surface-washing  and  gullying.  If  the  land 
is  cropped  at  all  a  rotation  should  be  practiced  that  will  require  cultivated 
crops  as  little  as  possible  and  allow  pasture  and  meadow  most  of  the  time.  If 
tilled,  the  land  should  be  plowed  deeply  and  contours  should  be  followed  as  nearly 
as  possible  in  plowing,  planting,  and  cultivating.  Furrows  should  not  be  made 
up  and  down  the  slopes.  Every  means  should  be  employed  to  maintain  and  to 
increase  the  organic-matter  content.  This  will  help  to  hold  the  soil  and  keep 
it  in  good  physical  condition  so  that  it  will  absorb  a  large  amount  of  water 
and  thus  diminish  the  run-off.  (See  Bulletin  207,  **  Washing  of  Soils  and  Meth- 
ods of  Prevention.") 

According  to  the  analyses  of  the  samples  of  yellow  silt  loam  collected  in 
Bureau  county,  limestone  is  sometimes  present  in  the  subsoil  but  none  of  this 
material  is  contained  in  the  surface  or  subsurface.  However,  it  is  known  that 
in  this  general  region  of  the  state  limestone  occasionally  occurs  in  abundance  in 
the  subsurface  stratum.  In  view  of  this  fact,  therefore,  it  is  recommended  that 
the  test  for  soil  acidity,  as  described  in  the  Appendix,  be  made.  If  this  test  in- 
dicates the  absence  of  limestone  near  the  surface,  then  this  material  should  be 
applied  at  the  rate  of  2  to  4  tons  per  acre. 

One  of  the  best  crops  to  be  grown  on  land  that  is  gullied  or  is  likely  to  wash 
badly  is  sweet  clover.  This  furnishes  a  large  amount  of  good  pasture  and  en- 
courages the  growth  of  blue-grass.  Both  the  clover  and  the  blue-grass  tend  to 
hold  the  soil  and  prevent  washing.  Alfalfa  is  another  good  legume  crop  to  be 
grown  on  this  type  of  soil.  It  will  be  useless,  however,  to  sow  either  sweet  clover 
or  alfalfa  if  the  soil  is  acid. 

For  an  account  of  experhnents  with  yellow  silt  loam  soil  the  reader  is  re- 
ferred to  page  67  of  the  Supplement. 

Yellow-Gray  Sandy  Loam  (964,  1164) 

The  total  area  of  yellow-gray  sandy  loam  amounts  to  but  134  acres.  It 
occurs  along  Bureau  creek  where  the  sand  has  been  blown  onto  the  upland. 

The  surface  soil,  0  to  6%  inches,  contains  1.6  percent  of  organic  matter, 
or  16  tons  per  acre,  and  consists  of  a  yellow  or  a  grayish  yellow  sandy  loam. 

The  subsurface  contains  .6  percent  of  organic  matter,  or  12  tons  per  acre. 
It  is  more  sandy  than  the  surface  and  passes  into  a  yellow  sand. 

The  subsoil  is  a  yellow  sand. 

Treatment. — The  primary  consideration  in  the  management  of  this  type  is 
the  increasing  of  the  organic-matter  content.  This  may  be  done  by  turning  un- 
der farm  manure,  crop  residues,  and  legume  crops.  From  3  to  4  tons  per  acre 
of  limestone  may  well  be  applied  for  the  successful  growing  of  clovers. 

(c)     TERRACE  SOILS 

Terrace  soils  have  been  developed  on  terraces  or  old  fills  in  valleys.  A  large 
area  in  the  northwestern  part  of  Bureau  county  was  formerly  rather  low  and 
swampy.     This  is  a  broad  terrace  formed  by  deposits  made  by  the  Rock  and 
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Green  rivci*s  during  the  period  when  the  early  and  the  late  Wisconsin  glaciers 
were  melting.  Large  amounts  of  sand  and  gravel  were  carried  down  the  flooded 
Rock  river  and  were  spread  out  over  an  extensive  area  in  this  part  of  the  state 
forming  a  region  known  as  the  Winnebago  swamp.  This  deposit  is  more  than 
200  feet  deep.  It  is  very  probable  that  the  old  valley  that  connected  the  Rock 
river  with  the  Illinois  aided  in  producing  the  extreme  width  of  the  terrace  in 
this  region.  Much  of  the  sand  that  was  deposited  by  streams  was  re-worked 
by  the  wind,  producing  the  sand  dunes  of  the  county.  Distinct  terraces  are 
found  along  Bureau  creek  and  some  of  its  tributaries  as  well  as  along  the  Illi- 
nois river.  These  were  formed  in  the  usual  way  by  the  partial  filling  up  of 
the  valley  by  overloaded  streams  which  later  cut  down  thru  this  fill,  leaving 
the  terrace  from  20  to  50  feet  above  the  present  flood  plain  of  the  stream. 

Brown  Silt  Loam  over  Gravel  (1527) 

■ 

Brown  silt  loam  over  gravel  covers  59.65  square  miles,  or  nearly  7  percent 
of  the  area  of  the  county.  A  few  small  areas  occur  along  Bureau  creek  and 
its  tributaries,  but  most  of  the  type  is  to  be  found  in  the  terrace  region  in  the 
west  half  of  the  county.    The  topogi*aphy  varies  from  flat  to  slightly  imdulating. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  to  a  dark  brown  granular  silt 
loam  containing  from  3.3  to  7.8  percent  of  organic  matter,  with  an  average 
of  5  percent,  or  50  tons  per  acre.  In  this  constituent  it  differs  but  little  from 
the  brown  silt  loam  of  the  upland.  In  physical  composition  the  soil  varies  from 
a  dark  brown  clayey  silt  loam  to  a  silt  loam  with  a  considerable  percentage  of 
sand.  Occasionally  very  small  areas  of  sandy  loam  occur  which  are  not  large 
enough  to  be  shown  on  the  map. 

The  natural  subsurface  stratum  varies  from  8  to  12  inches  in  thickness  and 
is  a  brown  to  a  yellowish  brown  silt  loam,  containing  in  many  cases  a  perceptible 
amount  of  sand. 

The  subsoil  usually  consists  of  a  pale  yellow  to  a  drabbish  or  grayish  yellow, 
slightly  clayey  silt,  but  it  varies  considerably.  In  some  places  the  subsoil  is 
rather  sandy  and  may  even  pass  thru  gray-colored  sand,  and  in  others  some 
gravel  is  found  mixed  with  the  finer  clayey  material. 

Treatment. — Much  of  the  type  has  been  artificially  drained.  The  strata  are 
pervious  and  afford  ready  movement  of  water.  Gravel  or  sand  is  not  usually 
encountered  imtil  a  depth  of  55  to  60  inches  has  been  reached.  This  deposit 
would  afford  good  imderdrainage  if  the  water  table  could  be  lowered  sufficiently. 

In  the  management  of  this  type,  organic  matter  must  be  maintained  by 
every  available  means,  especially  on  the  undulating  phase.  The  phosphorus 
content  is  slightly  lower  than  that  of  the  upland  brown  silt  loam.  With  respect 
to  phosphorus  the  same  treatment  is  recommended  as  that  given  for  the  upland 
brown  silt  loam,  page  14.  Applications  of  from  2  to  3  tons  per  acre  of  limestone 
will  in  all  probability  be  profitable  for  the  growing  of  clovers. 

Brown  Sandy  Loam  (1560) 

Brown  sandy  loam  covers  an  area  of  27.94  square  miles,  or  3.24  percent  of 
the  area  of  the  county.  It  is  confined  mostly  to  the  northwestern  part  of  the 
terrace  or  swamp  area.    In  topography,  it  varies  from  flat  to  somewhat  rolling. 
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the  rolling  character  being  produced  by  sand  dunes.    In  the  sand  dune  areas 
it  usually  occupies  the  lower  lying  parts. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  containing  about 
3.1  percent,  or  31  tons  per  acre  of  organic  matter.  It  varies  in  texture  from  a 
somewhat  fine  to  a  coarse  sand. 

The  natural  subsurface  is  about  14  inches  in  thickness  and  consists  of  a 
brown  to  a  brownish  yellow  sandy  loam,  rather  variable  in  sand  content  The 
organic-matter  content  is  1.7  percent,  or  34  tons  per  acre,  in  a  stratum  13% 
inches  thick. 

Hie  subsoil  varies  from  a  yellow  silty  sand  to  a  yellow  sand. 

Treatment. — All  strata  are  pervious  to  water  so  that  underdrainage  takes 
place  readily.  Natural  drainage  is  not  always  sufficient  and  therefore  it  is  some- 
times advisable  to  resort  to  artificial  drainage. 

After  drainage,  the  maintenance  of  organic  matter  and  nitrogen  are  the 
most  important  considerations  in  the  management  of  this  type.  These  materials 
may  be  provided  by  utilizing  the  farm  manure  produced  and  supplementing  this 
by  turning  under  com  stalks,  straw,  and  clovers  when  these  are  not  fed  on  the 
farm.  Altho  the  content  of  phosphorus  is  not  high,  fair  results  may  be  ob- 
tained without  the  application  of  phosphorus  because  of  the  large  feeding  range 
of  the  plant  roots  in  this  loose  soil.  In  time,  however,  as  the  content  is  re- 
duced, applications  of  this  element  will  doubtless  be  profitable.  Since  all  strata 
bf  this  type  of  soil  are  lacking  in  limestone,  an  initial  application  of  3  to  4 
tons  per  acre  of  this  material  should  be  made,  with  1  to  2  tons  every  four  or 
five  years  thereafter. 

Black  Sandy  Loam  (1561) 

Black  sandy  loam  is  found  entirely  in  the  terrace  area  in  the  northwest  part 
of  the  county.  It  is  most  abundant  in  the  vicinity  of  Green  river,  an  area 
which  was  at  one  time  occupied  by  an  old  lake  or  swamp.  The  topography  is 
fiat  with  only  very  slight  undulations,  rarely  more  than  a  foot  or  two  in  height. 
The  total  area  covered  amounts  to  8,627  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  black  sandy  loam,  usually  containing 
sufficient  clay  to  render  the  soil  slightly  plastic.  This  stratum  contains  in  the 
main  about  6.4  percent  of  organic  matter,  or  64  tons  per  acre,  altho  the  organic- 
matter  content  varies  rather  widely,  and  small  local  areas  contain  a  sufficient 
amount  to  be  classed  as  peaty  loam.  Soils  of  this  kind  do  not  usually  possess 
plasticity. 

The  natural  subsurface  soil,  which  is  from  14  to  16  inches  in  thickness,  varies 
from  black  to  brown  in  color,  and  passes  into  a  yellowish  sandy  material  in  the 
subsoil.  In  some  places  a  perceptible  amount  of  gravel  occurs.  The  stratum 
sampled  (6%  to  20  inches)  contains  2.2  percent  of  organic  matter,  or  44  tons 
per  acre. 

The  subsoil  varies  from  a  yellow,  drabbish  yellow,  or  drab,  clayey  sand  to 
a  yellow  or  drab  sand.    It  contains  .9  percent  of  organic  matter. 

Treatment. — The  type  generally  needs  drainage.  Drainage  and  good  culti- 
vation are  the  principal  points  in  its  management.  Spots  of  alkali  are  frequently 
found  on  which  com  does  not  do  well,  and  where  oats  lodge  badly.  Applica- 
tions of  coarse  stable  manure,  potassium  salts,  or  a  crop  of  sweet  clover  turned 
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under  will  enable  a  good  crop  of  corn  to  be  grown.  Sweet  clover  does  especially 
well  on  soil  of  this  character.  The  black  sandy  loam  is  becoming  slightly  acid 
in  many  places. 

Dune  Sand  (1581) 

Dune  sand  of  the  terrace  occupies  6,906  acres,  or  1.25  percent  of  the  area 
of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  light  brown  or  grayish  yellow  loamy 
sand  containing  about  1.1  percent  of  organic  matter,  or  11  tons  per  acre. 

The  subsurface  varies  from  a  light  brownish  yellow  to  a  yellow  sand.  It 
contains  .7  percent  of  organic  matter. 

The  subsoil  is  yellow  sand. 

Treatment. — ^In  the  management  of  this  type,  the  principal  problems  are 
to  prevent  blowing  and  to  maintain  the  supply  of  nitrogen.  In  this  county 
there  would  be  very  little  blowing  of  these  sandy  areas  if  they  were  left  in 
their  natural  state.  In  many  places  the  native  vegetation  has  been  destroyed 
by  pasturing  too  closely  or  by  cropping,  thus  giving  the  wind  an  opportunity 
to  do  its  work.  This  results  in  the  formation  of  *' blow-outs,"  which  are  simply 
small  areas,  from  a  fraction  of  an  acre  to  five  acres  in  size,  from  which  the 
sand  is  being  blown.  The  sand  from  these  blow-outs  usually  covers  some  better 
soil  in  the  vicinity.  The  action  of  the  wind  may  result  in  the  ruin  of  the  land 
if  some  protection  is  not  given  it.  Wind  erosion  on  this  soil  is  worse  than  water 
erosion  on  other  soils.  Sand  possesses  very  little  cohesion,  and  it  therefore  is 
readily  moved  by  the  wind;  but  when  organic  matter  is  added  this  acts  as  a 
feeble  cement  that  is  sufficiently  strong,  however,  to  bind  the  particles  together 
and  thus  prevent  blowing. 

To  prevent  the  movement  of  sand  by  the  wind,  it  is  necessary  either  to 
have  wind  breaks,  or  to  keep  the  soil  covered  with  vegetation,  or  to  incorporate 
organic  matter.  The  latter  two  methods  are  really  the  only  practical  ways  of 
preventing  blowing.  Every  means  should  be  used  for  increasing  the  organic 
matter  content  and  for  keeping  a  cover  crop  on  the  soil  during  the  larger  part 
of  the  year.    Small  grains  are  better  adapted  to  accomplish  this  than  corn. 

The  plants  that  are  best  adapted  to  sand  dunes  are  legumes,  which  to  a 
very  large  extent  are  independent  of  the  nitrogen  in  the  soil.  It  is  interesting 
to  know  that  a  few  legumes  have  adapted  themselves  to  the  sand  to  a  remark- 
able degree.  The  climbing  wild  bean  is  a  legume  that  is  growmg  very  abundantly 
on  sand  areas.  It  reseeds  itself  without  any  difficulty,  and  wheat  or  rye  fields 
are  soon  covered  with  a  growth  of  this  plant  after  the  crop  has  been  removed. 
In  some  cases  a  ton  or  more  to  the  acre  is  produced.  It  would  seem  that  this 
plant  might  well  be  distributed  over  all  the  sand  areas,  especially  those  that  are 
likely  to  blow. 

Cowpeas  are  well  adapted  to  growing  on  these  sand  soils.  They  furnish 
a  large  amount  of  organic  matter  to  hold  the  sand  and  also  the  necessary  nitro- 
gen for  growing  other  crops.  "Where  wheat  or  rye  is  grown,  the  drill,  with  peas, 
should  follow  the  binder.  Normally  they  will  make  sufficient  growth  to  add  a 
considerable  supply  of  organic  matter  and  protect  the  soil  during  the  winter. 
If  the  land  is  reseeded  to  wheat,  the  cowpeas  may  well  be  allowed  to  stand  and 
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the  wheat  seeded  in  them,  leaxiiig  the  vines  to  protect  the  sand  diiring  the 
winter.  Recent  experiments  sliow  tliat  two  of  the  best  crops  for  sand  are  sweet 
clover  and  alfalfa. 


Ill  the  growing  of  a  corn  crop  on  sandy  land,  the  lower  blades  usually  die 
prematurely.  This  is  commonly  spoken  of  by  farmers  as  "firing"  and  is  at- 
tributed to  a  lack  of  moisture.  While  a  dciicicncj'  of  moisture  may  be  responsi- 
ble to  a  certain  extent,  the  trouble  is  more  often  due  to  a  lack  of  the  element 
nitrogen.  A  liberal  supply  of  organic  matter,  especially  that  from  legumes,  will 
do  much  to  prevent  firing. 

In  the  management  of  a  crop  on  sandy  land,  cultivation  should  be  prac- 
ticed no  more  than  is  absolutely  necessary  and  should  then  be  as  shallow  as 
possible.  Sand  is  naturally  well  adapted  to  prevent  moisture  from  evaporating, 
and  there  is  no  necessity  for  any  more  cultivation  than  is  really  necessary  to 
kill  the  weeds.  Some  farmers  in  Michigan  never  cultivate  their  corn  crop  on 
sand  soil,  but  instead  cut  out  what  few  weeds  there  are  with  a  hoe,  and  they 
succeed  in  raising  larger  crops  than  where  cultivation  is  practiced. 

Foresting  is  a  practical  way  of  conserving  these  sand  soils.  Black  locust 
(a  leguminous  tree)  seems  to  do  exceptionally  well  on  sand.  One  difficulty  that 
has  been  experienced  is  that  the  loetist  tree  is  damaged  by  borers ;  but  if  it  is 
used  to  start  a  growth  and  hold  the  sand  temporarily,  other  trees  may  then  be 
interplanted  with  the  result  that  the  sand  will  be  held  permanently.  After  the 
blowing  of  sand  is  once  stopped,  very  careful  ti-eatment  is  required  to  prevent 
a  I'ecurrencc  of  the  trouble.  Pasturing  should  be  done  very  carefully,  so  that 
the  grass  will  not  be  entirely  destroyed. 

While  the  acidity  is  not  high,  the  sand  soil  is  entirely  devoid  of  limestone. 
For  satisfactorj'  results,  therefore,  an  application  of  from  2  lo  4  tons  per  acre 
of  limestone  is  recommended,  and  the  supply  should  be  maintained  by  subse- 
quent applications  every  four  or  five  years.    When  potash  salts  can  be  secured 


19£1J  BUBEAD  COUKTY  27 

at  reasonable  cost,  their  use  is  likely  to  produce  profitable  results,  at  least  tem- 
porarily, in  getting  under  way  systems  of  permanent  improvement.  This  ap- 
plies more  especially  to  the  level  areas,  which  were  originally  sandy  swamps. 

As  the  nitrogen  content  is  exceedingly  low,  successful  crop  production  on 
this  type  of  soil  rests  upon  the  building  up  of  the  supply  of  this  element,  and 
this  can  he  accomplished  thru  the  growth  of  legumes  as  recommended  above. 

The  phosphorus  content  of  this  sand  type  is  not  high,  only  780  pounds  per 
aci-e  of  this  element  being  present  Jn  the  plowed  soil,  but  it  exists  to  a  con- 
siderable extent  in  other  constituents  than  sand  grains.  This  is  shown  by  some 
work  of  the  United  States  Bureau  of  Soils  in  which  two  types  of  sandy  soil, 
glacial  sand  and  sandy  loam,  were  separated  into  coarse  and  fine  particles.  Each 
grade  was  analyzed  for  phosphorus,  and  it  was  found  that  as  an  average  of  the 
two  soils  the  fine  portion  was  eighteen  times  as  rich  in  the  element  phosphorus 
as  the  coarse.  Under  successful  cropping,  the  limited  amount  of  phosphorus 
contained  in  this  dune  sand  would  sooner  or  later  become  exhausted,  altho  field 
experiments  might  not  indicate  a  need  of  phosphorus  at  first. 


The  total  supply  of  potassium  is  much  smaller  than  is  found  in  the  more 
common  soils.  As  to  its  availability  for  growing  crops  on  sandy  soils,  field  ex- 
periments have  shown  some  discrepancies  in  results,  owing  probably  to  a  varia- 
tion in  the  condition  in  which  the  potassium  exists.  Definite  recommendations, 
therefore,  regarding  the  application  of  potassium  to  this  type  of  soil  must  await 
the  collection  of  more  reliable  information.  (On  swamp  sands  and  sandy  loams 
long  exposed  to  leaching,  potas.sium  is  often  the  first  limiting  clement,  especially 
where  a  fair  supply  of  humus  exists,  as  in  the  so-called  "black  sand.") 

For  an  account  of  field  experiments  on  sand  soil  see  page  70  of  the  Sup- 
plement. 
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Black  Mixed  Loam  (1550) 

Black  mixed  loam  occurs  in  the  terrace  region  in  the  northwest  part  of  the 
county,  principally  in  Town  18  North,  Range  7  East.  The  total  area  covered 
amounts  to  2,515  acres.  The  topography  is  flat  with  occasional  slight  undula- 
tions not  more  than  two  feet  in  height. 

The  surface  soil,  0  to  6%  inches,  is  a  black  loam,  so  variable  in  composition 
that  it  cannot  be  divided  into  distinct  soil  types.  Small  areas  may  be  peat, 
others  peaty  loam,  black  clay  loam,  or  sandy  loam,  and  this  mixed  character 
makes  it  impossible  to  separate  it  into  distinct  types.  The  surface  stratum  eon- 
tains  about  10.5  percent  of  organic  matter,  or  105  tons  per  acre. 

Hie  natural  subsurface  usually  varies  from  14  to  18  inches  in  thickness, 
and  is  a  black  mixed  loam  becoming  drab  or  drabbish  yellow  with  depth.  The 
organic-matter  content  is  approximately  3.9  percent,  or  78  tons  per  acre  in  a 
stratum  twice  the  thickness  of  the  surface  soil. 

The  subsoil  is  variable  in  composition  and  color,  but  usually  consists  of  a 
mixture  of  clay,  silt,  sand,  and  gravel.  It  contains  about  1.2  percent  of  organic 
matter. 

Treatment. — This  soil  is  very  rich  in  organic  matter,  nitrogen,  and  phos- 
phorus. The  first  thing  to  be  considered  in  the  management  of  this  type  is  drain- 
age, and  the  pervious  character  of  the  strata  enables  this  to  be  accomplished 
very  readily  where  the  proper  outlet  can  be  obtained.  This  type  contains  many 
alkali  areas,  the  treatment  of  which  should  be  the  same  as  that  recommended  for 
the  alkali  spots  in  the  black  sandy  loam  (1561)  described  above. 

Black  Silt  Loam  (1525) 

Black  silt  loam  is  found  in  the  terrace  area  of  the  western  part  of  the 
county,  and  occupies  the  low,  undrained  areas  of  the  higher  part  of  the  ter- 
race. The  total  area  amounts  to  3,149  acres.  The  topography  is  flat  with  an 
occasional  slight  undulation  of  a  foot  or  two.  These  higher  parts  are  frequently 
strongly  alkaline,  and  require  special  treatment  before  com  and  oats  can  be 
growTi  successfully. 

if  he  surface  soil,  0  to  6%  inches,  is  a  black  silt  loam,  which  varies  from  a 
clayey  silt,  bordering  on  black  clay  loam,  to  a  slightly  sandy  phase.  Occasional 
patches  which  are  very  high  in  organic  matter  cause  the  type  to  grade  toward 
clayey  muck.  This  stratum  contains  about  6.1  percent  of  organic  matter,  or 
61  tons  per  acre. 

The  natural  subsurface,  which  is  represented  by  a  stratum  12  to  20  inches 
thick,  is  a  black  silt  loam  varying  on  one  hand  to  a  black  clay  loam,  and  on 
the  other  to  sandy  loam.  The  subsurface  stratum  as  sampled  (6%  to  20  inches) 
contains  about  5.9  percent  of  organic  matter,  or  118  tons  per  acre. 

The  subsoil  is  a  blackish  to  drabbish  yellow  clayey  silt  or  silty  clay,  frequently 
containing  some  pebbles  and  a  considerable  amount  of  sand  in  local  areas.  It 
contains  about  2.1  percent  of  organic  matter.  In  one  area  a  bright,  brownish 
yellow  stratum  about  2  or  3  inches  in  thickness  was  found  in  the  subsoil.  This 
material  contained  so  much  phosphorus  as  to  cause  the  subsoil  sample,  20  to 
40  inches,  to  show  over  33,000  pounds  per  acre. 

Treatment. — The  first  requirement  of  this  soil  is  drainage,  and  this,  with 
good  cultivation,  is  about  all  that  is  needed  for  the  present. 
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Yellow-Gray  Sandy  Loam  (1564) 

Yellow-gray  sandy  loam  occurs  in  the  terrace  in  the  northwest  part  of  the 
connty  and  covers  3,174  acres.  It  represents  some  of  the  higher  areas,  together 
with  many  sand  dimes,  that  have  been  covered  with  finer  material.  The  char- 
acter of  the  soil  has  been  somewhat  modified  by  the  growth  of  forests  consist- 
ing principally  of  black  oak  {Quercus  marylandica) .  The  topography  varies 
from  flat  to  somewhat  rolling,  the  latter  condition  being  caused  by  sand  dunes. 
The  surface  soU,  0  to  6%  inches,  is  a  yellow  to  grayish  yellow  and  brownish 
yellow  sandy  loam,  usually  containing  large  amounts  of  sand  and  grading  into 
dune  sand  in  many  places.  On  this  type,  many  small  areas,  especially  those 
having  dune  topography,  could  be  mapped  as  sand,  were  the  areas  large  enough. 
The  surface  stratum  contains  about  2.4  percent  of  organic  matter,  or  24  tons 
per  acre. 

The  subsurface  varies  from  a  silty  sand  or  even  a  sandy  silt  to  pure  sand, 
and  is  usually  yellow  in  color.    There  is  a  decrease  in  the  amount  of  organic 
matter  in  the  subsurface,  the  analysis  of  which  shows  only  .7  percent. 
The  subsoil  consists  of  a  yellow  silty  sand  or  sand. 

Treatment, — The  type  is  rather  low  in  productiveness,  due  to  the  low  or- 
ganic-matter content.  The  best  way  to  improve  this  condition  is  to  turn  under 
manures  and  all  crop  residues  possible.  The  addition  of  limestone  to  the  amount 
of  3  or  4  tons  per  acre  will  permit  the  growing  of  clover,  which  is  so  effectively 
used  for  soil  renovation.  Sweet  clover  could  be  used  to  excellent  advantage  on 
this  type.  The  entire  crop  with  the  exception  of  the  seed  should  be  turned 
under. 

Brown  Fine  Sandy  Loam  (1571) 

In  the  northeast  township  of  the  county,  there  are  several  areas  of  brown 
fine  sandy  loam  that  aggregate  1,165  acres. ,  This  type  varies  in  topography 
from  flat  to  slightly  undulating. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  fine  sandy  loam,  varying  on 
one  hand  to  a  brown  silt  loam,  and  on  the  other  hand  to  a  brown  medium  sandy 
loam.  It  contains  some  small  areas  of  ordinary  sandy  loam  that  represent  low 
dunes.    The  organic-matter  content  is  about  4.4  percent,  or  44  tons  per  acre. 

The  natural  subsurface  is  represented  by  a  stratum  8  to  12  inches  thick, 
and  is  a  brown  fine  sandy  loam,  usually  becoming  more  sandy  with  depth  until 
it  passes  into  a  yellow  silty  sand.  The  subsurface  stratum  as  sampled  (6%  to  20 
inches)  contains  about  1.9  percent  of  organic  matter,  or  38  tons  per  acre. 

The  subsoil  is  a  yellow  to  a  drabbish  yellow  silty  sand,  frequently  passing 
into  almost  pure  medium  sand. 

Treatment, — After  drainage,  the  maintenance  of  organic  matter  and  nitro- 
gen is  the  principal  consideration  in  the  management  of  this  type.  Applica- 
tions of  3  or  4  tons  per  acre  of  limestone  should  be  made  for  the  successful  grow- 
ing of  clover. 

Black  Clay  Loam  (1520) 

A  few  areas  of  black  clay  loam  are  found  on  the  upper  terrace  that  aggre- 
gate but  422  acres.    The  topography  is  flat. 
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The  surface  soil,  0  to  6%  inehes,  is  a  black,  plastic,  granular  clay  loam, 
varying  toward  a  black  silt  loam.  It  contains  about  7.5  percent  of  organic 
matter,  or  75  tons  per  acre. 

The  natural  subsurface,  10  to  18  inches  in  thickness,  is  a  black  to  a  dark 
drab  clay  loam,  considerably  heavier  than  the  surface.  The  stratum,  as  sampled 
(6%  to  20  inches)  contains  about  4.2  percent  of  organic  matter,  or  84  tons  per 
acre. 

The  subsoil  is  a  heavy  drab  to  yellow  clay  loam,  containing  about  1.5  per- 
cent of  organic  matter.    It  contains  in  some  cases  a  small  amount  of  gravel. 

Treatment. — ^Drainage  is  the  first  requirement  of  this  type.  In  spite  of 
the  heavy  character  of  the  strata,  drainage  takes  place  readily,  due  to  the  joints 
in  the  soil  produced  by  shrinkage  in  times  of  drouth. 

In  this  type  it  is  doubly  necessary  to  maintain  the  supply  of  organic  matter 
in  order  to  keep  the  soil  in  good  physical  condition  and  to  give  it  easy  working 
qualities.    Limestone  also  must  be  maintained  for  the  same  purpose. 

Brown-Gray  Sandy  Loam  on  Tight  Clay  (1568) 

Brown-gray  sandy  loam  on  tight  clay  is  scattered  over  a  considerable  area 
of  the  terrace,  but  not  in  large  tracts.  The  total  area  covered  by  the  type  is 
1,562  acres,  or  .28  percent  of  the  entire  county.  For  «ome  reason  a  large  amount 
of  very  fine  material  has  been  deposited  at  variable  depths  in  this  type,  which 
has  resulted  in  producing  a  tight  layer  thru  which  water  passes  with  great  diffi- 
culty. This  has  changed  the  color  of  the  subsurface  soil  to  a  gray,  and  has 
rendered  the  soil  less  valuable.    The  topography  of  this  type  is  generally  flat. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  to  a  grayish  brown  sandy  loam. 
When  freshly  plowed,  the^  grayish  color  becomes  more  evident  shortly  after  a 
rain.  Usually  the  gray  shows  up  in  small  areas  not  more  than  three  to  six 
rods  in  diameter.  This  stratum  contains  about  2.8  percent  of  organic  matter, 
or  28  tons  per  acre.  In  physical  c6mposition  it  varies  somewhat  toward  a  brown 
silt  loam. 

The  natural  subsurface  is  represented  by  a  layer  8  to  12  inches  thick  which 
consists  of  a  grayish  sandy  silt  loam  that  varies  to  a  gray  sandy  loam.  The 
organic-matter  content  of  the  stratum  6%  to  20  inches  is  about  1.4  percent. 

The  subsoil  is  rather  variable.  The  tight  clay  is  not  uniform  in  depth,  but 
may  occur  at  depths  ranging  from  16  to  30  inches.  The  thickness,  too,  is  varia- 
ble. The  subsoil  in  general  is  a  gray  to  yellowish  gray  sand  with  the  tight 
stratum  consisting  of  a  sandy  clay  or  a  clayey  sand. 

Treatment. — Drainage  is  one  of  the  first  requirements  of  this  type  of  soil. 
The  presence  of  the  tight  clay  stratum  in  the  subsoil  retards  drainage  to  such 
an  extent  that  the  lines  of  tile  must  be  placed  not  more  than  four  or  five  rods 
apart,  and  even  closer  than  this  would  be  better.  Deep-rooting  crops  are  very 
desirable,  especially  sweet  clover,  but  it  must  be  remembered  that  inoculation  and 
plenty  of  limestone  are  needed  in  growing  it.  The  deep  roots  penetrate  the  tight 
clay  layer  and  will  in  time  render  it  more  pervious.  At  the  same  time,  organic 
matter  must  be  added  to  the  soil  to  increase  granulation.  As  the  limestone  moves 
downward,  it  too  has  a  beneficial  effect  on  granulation  and  tends  to  make  the 
soil  more  porous.  Since  the  soil  is  acid,  4  or  5  tons  per  acre  of  limestone  should 
be  applied  at  first  with  about  2  tons  oveiy  four  years  afterward. 
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Yellow-Gray  Silt  Loam  over  Gravel  (1536) 

Yellow-gray  silt  loam  over  gravel  occurs  principally. along  the  streams  in 
the  eastern  and  southern  parts  of  the  county  as  terraces  from  40  to  60  feet 
above  the  present  bottom  land.  The  total  area  amounts  to  2,118  acres.  The 
topography  varies  from  flat  to  slightly  undulating,  in  some  cases  with  a  rather 
steep  incline  to  the  present  flood  plain.  The  areas  occur  as  remnants  of  the 
former  fill  along  Bureau  creek  and  its  branches,  and  also  along  the  Illinois  river. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  grayish  yellow  to  a  yellow 
silt  loam,  containing  about  1.6  percent  of  organic  matter,  or  16  tons  per  acre. 

The  subsurface  is  a  yellow  silt  loam,  with  approximately  .6  percent  of  or- 
ganic matter. 

The  subsoil  is  a  yeUow  silt  to  a  clayey  silt.  The  gravel  stratum  is  from  38 
to  60  inches  beneath  the  surface. 

Treatment, — The  drainage  is  good,  owing  to  the  presence  of  the  deep  sub- 
soil gravel.  The  organic-matter  content  is  very  low,  and  every  means  should 
be  used  for  increasing  it.  Limestone  should  be  applied  to  permit  the  growing 
of  large  crops  of  legumes  for  soil  improvement.  In  addition  to  these,  straw, 
corn  stalks,  and  all  manure  possible  should  be  turned  back  into  the  soil.  Phos- 
phorus should  be  applied  as  the  type  is  somewhat  deficient  in  this  element. 

Yellow-Gray  Sandy  Loam  on  Gravel  (1564.4) 

Yellow-gray  sandy  loam  on  gravel  covers  an  area  of  211  acres.  It  is  al- 
most entirely  confined  to  the  terraces  along  the  Illinois  river. 

The  surface  soil,  0  to  6%  inches,  contains  about  1.7  percent  of  organic 
matter  or  17  tons  per  acre. 

The  subsurface  is  a  yellow  silt  loam,  passing  into  sandy  and  gravelly  silt, 
the  gravel  beginning  at  from  18  to  24  inches.  The  subsurface  contains  about 
.5  percent  of  organic  matter. 

The  subsoil  is  a  silty  gravel. 

Treatment. — This  type  of  soil  needs  for  its  improvement  all  the  organic 
matter  that  can  be  economically  worked  into  it.  Besides  organic  matter  and 
nitrogen  it  is  also  in  need  of  phosphorus  and  limestone.  Since  the  gravel  is  so 
near  the  surface,  the  type  is  not  a  good  one  to  resist  drouth. 

Brown  Sandy  Loam  on  Gravel  (1560.4) 

Brown  sandy  loam  on  gravel  occurs  along  Bureau  creek  and  covers  an  area 
of  77  acres. 

The  surface  soil  contains  about  2  percent  of  organic  matter,  or  20  tons  per 
acre.    It  is  a  light  brown  sandy  loam,  the  sand  being  mostly  coarse. 

The  subsurface  contains  approximately  1.2  percent  of  organic  matter. 

Treatment. — The  gravel  is  but  16  to  24  inches  beneath  the  surface,  and  this 
renders  the  type  a  poor  one  to  resist  drouth.  Its  treatment  should  be  similar 
to  that  recommended  for  the  preceding  type. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1528) 
The  area  of  brown-gray  silt  loam  on  tight  clay  is  very  small,  amounting  to 
but  109  acres.    It  docs  not  differ  in  character  from  the  upland  type ;  therefore, 
for  recommendations  the  reader  is  referred  to  the  discussion  of  this  type  under 
upland  soils.     (See  page  19). 
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Gravelly  Loam  (1590) 

There  are  only  109  acres  of  gravelly  loam  in  the  terrace.  This  should  re- 
ceive the  same  treatment  as  the  upland  type  bearing  this  name.    (See  page  19). 

(d)  SWAMP  AND  BOTTOM-LAND  SOILS 

The  bottom  land  of  the  lUinoisan  glaciation  represents  the  older  bottom 
lands,  while  the  lowan  and  early  Wisconsin  represent  the  newer  ones.  There 
is  but  little  difiference  between  the  two. 

Mixed  Loam  (1354,  1454) 

The  mixed  loam  is  found  along  practically  all  the  small  streams  of  the 
county,  forming  flood  plains  varying  from  a  few  rods  to  a  mile  in  width.  It 
covers  a  total  area  of  39.81  square  miles,  or  4.61  percent  of  the  area  of  the 
county.  Mixed  loam  varies  widely  in  physical  composition,  including  small  areas 
of  sand,  sandy  loam,  silt  loam,  and  even  clay  loam.  These  are  usually  so  badly 
mixed  that  a  separation  is  not  practical.  During  flood  times,  the  character  of 
the  soil  may  be  changed  entirely. 

The  surface  soil,  0  to  6%  inches,  consists  of  a  mixed  loam  containing  from 
3.6  to  6.1  percent  of  organic  matter  with  an  average  of  4.9  percent,  or  49  tons 
per  acre.  The  surface  soil  varies  widely,  a  distance  of  a  rod  often  giving  en- 
tirely diflPerent  kinds  of  soil.    Small  areas  of  peat  may  occur. 

The  subsurface,  to  a  depth  of  20  inches,  is  a  dark  soil  of  varying  texture, 
containing  about  3.6  percent  of  organic  matter. 

The  subsoil  varies  from  a  brown  to  a  drab  or  yellowish  clayey  silt  to  sandy 
silt.    It  is  sufficiently  pervious  for  good  drainage. 

Treatment. — ^No  applications  of  plant  food  are  advised  for  this  type  of  soil, 
since  it  annually  receives  deposits  from  overflow  sufficient  to  maintain  the  fer- 
tility of  the  soil.  It  usually  grows  good  crops  unless  damaged  by  overflow  or 
by  poor  drainage. 

Deep  Peat  (1401) 

Deep  peat  occurs  mainly  in  the  terrace  region  of  the  northwest  part  of  the 
county.  The  total  area  covered  is  6,400  acres,  or  1.16  percent  of  the  area  of 
the  county.  Some  of  these  peat  deposits  are  very  deep.  One  in  Section  11, 
Town  16  North,  Range  7  East  is  said  to  be  65  feet  deep,  while  the  area  in  Sec- 
tions 10  and  11,  Town  17  North,  Range  7  East,  is  from  30  to  40  feet  deep. 

The  surface  soU,  0  to  6%  inches,  consists  of  a  brown  to  black,  fairly  well- 
decomposed  material  containing  from  31  to  56  percent  of  organic  matter  with 
an  average  of  43.7  percent,  or.  about  220  tons  per  acre. 

The  subsurface  soil  consists  of  material  that  is  usually  less  decomposed  than 
that  of  the  surface.  The  samples  taken  contained  the  same  percent  of  organic 
matter  as  the  surface. 

Hie  subsoil  contains,  as  an  average,  about  31  percent  of  organic  matter. 

Treatment. — The  first  requirement  of  this  type  is  drainage.  The  best  form 
of  drainage,  especially  at  first,  is  the  open  ditch.  Peat,  because  of  its  loose, 
uncompacted  condition,  does  not  furnish  a  very  good  bed  for  tile.  This  may 
be  remedied,  however,  by  putting  a  board  in  the  bottom  of  the  ditch  and  plac* 
ing  the  tiles  on  that. 
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Characteristic  of  peat,  this  soil  is  extremely  rich  in  nitrogen,  is  well  sup- 
plied with  phosphorus,  but  is  very  deficient  in  potassium,  as  compared  with 
ordinary  fertile  soils.  Where  thoro  drainage  can  be  provided  either  by  open 
ditches  or  by  laying  tiles  deep  enough  to  secure  a  solid  bed  for  them,  very 
marked  improvement  can  be  made  in  the  productive  power  of  deep  peat  by  the 
liberal  use  of  potassium,  which  is  the  only  deficient  element.  Stable  manure, 
as  well  as  straw  and  other  crop  residues  which  contain  a  certain  amount  of 
potassium,  can  be  used  to  supply  this  element,  altho  a  more  economical  use  of 
the  manure  is  made  when  applied  to  soil  that  can  utilize  the  nitrogen  to  better 
advantage  than  does  peat.  Experimental  results,  as  obtained  by  the  Experiment 
Station,  as  well  as  practical  experience  on  the  part  of  farmers,  have  demon- 
strated that  kainit  and  the  mineral  potassium  compounds  such  as  the  chlorid, 
sulfate,  or  carbonate  of  potassium,  are  used  on  this  kind  of  land  with  great 
profit. 

For  an  account  of  field  experiments  on  deep  peat  the  reader  is  referred  to 
page  72  of  the  Supplement. 

Medium  Peat  on  Clay  (1402) 

Medium  peat  on  clay  occurs  almost  entirely  within  the  terrace  region  and 
it  covers  an  area  of  2,061  acres.    The  topography  is  usually  flat. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  to  black  peat,  and  contains 
about  44  percent  of  organic  matter. 

The  subsurface  is  a  sandy  or  clayey  material  containing  about  20  percent 
of  organic  matter.  The  upper  half  of  the  subsurface  is  usually  peaty,  and  the 
amount  of  organic  matter  gradually  diminishes  xmtil  at  a  depth  of  about  20 
to  25  inches  it  passes  into  drab  clay  or  clayey  sand. 

The  subsoil  varies  largely  in  physical  composition,  but  is  usually  a  drab 
clay  or  a  clayey  sand. 

Treatment, — The  first  requirement  of  this  type  is  drainage.  Owing  to  the 
peculiar  make-up  of  this  soil  its  method  of  management  may  be  rather  variable, 
particularly  with  respect  to  the  application  of  potassium.  The  peaty  layer  of 
the  surface  is  very  deficient  in  potassium  while  at  the  same  time  there  is  a  large 
store  of  this  element  in  the  clay  lying  at  varying  depths  below  the  surface. 
Sometimes  good  crops  are  obtained  at  once  after  drainage  has  been  effected. 
Sometimes  but  one  application  of  potassium  is  required  to  start  production. 
Sometimes  the  first  crop  is  poor  but  subsequent  crops  become  better  owing  to 
the  accumulation  of  potassium  near  the  surface  brought  up  from  below  by  the 
roots  of  the  previous  crops.  Sometimes  the  gradual  mixing  of  the  materials  of 
the  upper  and  lower  strata  thru  tillage  produces  a  good  effect.  Now  and  then 
farmers  report  great  success  in  improving  this  kind  of  land  by  deep  plowing  or 
subsoiling,  whereby  the  clayey  material  becomes  incorporated  with  the  peaty 
substance. 

Therefore,  just  what  course  to  pursue  in  improving  this  land  will  depend  to 
a  large  extent  upon  the  depth  of  the  peaty  layer,  and  the  farmer  must  be 
guided  largely  by  experience.  If,  after  thoro  drainage  has  been  effected,  corn 
fails  to  grow  well,  the  indication  is  that  potassium  is  needed  either  to  supply  a 
natural  deficiency  or  to  overcome  the  effects  of  an  alkaline  condition  that  some- 
times exists  in  this  kind  of  soil. 
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Peaty  Loam  (1410) 

Within  the  terrace  region  a  large  amount  of  peaty  loam  is  found,  the  total 
area  being  17.07  square  miles,  which  is  about  2  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  contains  from  12  to  16  percent  of  organic 
matter.     The  mineral  constituent  is  principally  white  sand. 

The  subsurface  contains  from  3.2  to  4.5  percent  of  organic  matter,  with  an 
average  of  3.8  percent. 

The  subsoU  contains  a  little  more  than  2  percent  of  organic  matter. 

Treatment, — The  first  requirement  of  peaty  loam  is  drainage.  The  types, 
peaty  loam,  (1410),  black  mixed  loam  (1450  and  1550),  and  black  sandy  loam 
(1461  and  1561)  frequently  have  some  areas  which  do  not  grow  good  crops, 
especially  corn.  The  leaves  of  corn  become  striped  with  yellow,  or  turn  yellow 
or  brown.  The  growth  is  not  large  and  the  plant  presents  a  leafy  appearance 
due  to  the  short  joints  of  the  stalk.  These  areas  need  potassium.  It  may  bo 
supplied  by  applying  from  100  to  200  pounds  per  acre  of  potassium  chlorid  or 
potassium  sulfate,  or  by  turning  under  coarse  manure,  straw,  or  a  green  crop. 

Much  of  the  peaty  loam  contains  spots  of  alkali,  which  are  so  strongly  charged 
that  grain  crops  will  not  grow.  A  crop  of  sweet  clover  turned  under  will  be  very 
beneficial  on  this  alkali  soil. 

Black  Clay  Loam  (1420) 

Several  small  areas  of  black  clay  loam  are  found  in  the  swamp  region  in 
Towns  16  and  17  North,  Range  6  East.    These  cover  a  total  area  of  160  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  black,  plastic,  very  granular  clay  loam 
containing  about  7.5  percent  of  organic  matter,  and  grading  in  this  respect 
toward  clayey  muck. 

The  subsurface  is  a  black  clay  loam  containing  4.2  percent  of  organic 
matter. 

The  subsoil  is  a  dark  drab  clay  loam  containing  1.5  percent  of  organic 
matter. 

Treatment. — Good  drainage  and  good  cultivation  are  the  things  necessary 
in  the  management  of  this  type. 

Black  Silt  Loam  (1425) 

Black  silt  loam  is  found  in  the  low,  swampy  part  in  Towns  16  and  17  North, 
Range  6  East,  occupying  an  area  of  4,365  acres.  The  area  is  very  flat  and  at 
one  time  was  a  lake  or  swamp. 

The  surface  soU,  0  to  6%  inches,  is  variable  in  organic-matter  content,  but 
averages  about  13  percent,  or  130  tons  per  acre.  In  physical  composition  it 
varies  from  a  black  clayey  silt  to  a  black  sandy  loam  with  some  small  areas  of 
peat  or  clayey  muck. 

The  subsurface  soil  is  a  black  clayey  silt  varying  somewhat  with  the  sur- 
face.    It  contains  about  4.9  percent  of  organic  matter. 

The  subsoil  is  drab  to  drabbish  yellow  in  color.  It  contains  2.9  percent  of 
organic  matter. 

Treatment, — The  first  requirement  of  this  type  is  drainage,  and  aftei*  this 
is  provided  but  little  else  is  necessary  other  than  good  cultivation.  Spots  of 
alkali  are  found. 
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Deep  Brown  Silt  Loam  (1426) 

Deep  brown  silt  loam  occurs  only  in  the  bottom  land  of  the  Illinois  river. 
It  covers  8,256  acres.  It  is  flat  and  usually  so  wet  and  swampy  that  it  cannot 
be  cultivated. 

The  surface  soil,  0  to  6%  inches  varies  from  a  clayey  silt  to  a  silt  loam  in 
texture,  and  from  brown  to  black  in  color.  It  contains  about  7.5  percent  of 
organic  matter. 

The  subsurface  contains  approximately  4.2  percent  of  organic  matter.  It 
becomes  somewhat  heavier  with  depth. 

The  subsoil  varies  to  a  greater  extent  than  either  of  the  other  strata.  In 
some  cases  peat  or  muck  has  been  covered  by  deposits  during  floods,  and  these 
now  form  the  subsoil.  In  one  sample  taken,  the  subsoil  contained  two  times  as 
much  organic  matter  as  the  surface. 

Treatment. — Where  the  land  is  workable  good  cultivation  is  about  all  that 
is  necessary  in  the  management  of  this  type. 

Black  Mixed  Loam  (1450) 

A  number  of  small  areas  of  black  mixed  loam  occur  in  Town  17  North, 
Range  6  East,  covering  422  acres. 

This  soil  is  very  similar  to  the  terrace  type  of  the  same  name  (1550),  and 
should  be  managed  in  the  same  manner. 

Black  Sandy  Loam  (1461) 

Black  sandy  loam  is  found  as  a  broad  swampy  plain  along  the  Green  river 
and  covers  5,606  acres,  or  about  one  percent  of  the  area  of  the  county.  The 
area  is  very  flat. 

The  surface  soil  is  a  black  sandy  loam  containing  some  clay  and  varying 
from  a  sandy  clayey  silt  to  a  sandy  loam  with  65  to  70  percent  of  sand.  It 
contains  about  9.9  percent  of  organic  matter,  or  99  tons  per  acre. 

The  subsurface  soil  contains  4.2  percent  of  organic  matter,  and  varies  some- 
what the  same  as  the  surface. 

The  subsoil  is  drab  in  color  and  varies  in  physical  composition  from  a  sand 
to  a  clay  loam,  the  most  common  being  a  sandy  to  a  gravelly  clay.  The  organic- 
matter  content  is  about  1.6  percent.  The  subsoil  frequently  contains  fragments 
of  calcium  carbonate. 

Treatment, — Drainage  and  good  cultivation  are  necessary  for  this  type. 
Alkali  spots  are  rather  abundant.  For  treatment  of  alkali  spots,  see  description 
of  thio  type  in  the  terrace  (1561),  page  24. 


APPENDIX 

EXPLANATIONS  FOB  INTESPBETINO  THE  SOIL  SUBVET 

CLASSIFICATION  OP  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.  Without  going  far  into  details  the  following  paragraphs  are  intended  to 
furnish  a  brief  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  colluvial;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel, 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Great  Soil  Areas  in  Illinois, — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  sixteen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

100     Unglaciated,  comprizing  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    Illinoi8(m  moraines,  including  the  moraines  of  the  lUinoisan  glaciation 

300    Lower  Illvtioisan  glaciation^  covering  nearly  the  south  third  of  the  state 

400    Middle  Illinoisa/n  glaciation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Illinoisan  glaciation,  covering  about  fourteen  counties  northwest  of  the  middle 

Illinoisan  glaciation 
600    Pre-Iowan  glaciation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    lowan  glaciaiion,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wisconsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000    Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100    Early  Wisconsin  glaciation,  covering  the  greater  part  of  the  northeast  quarter  of  tbc 

state 
1200    Late  Wisconsin  glaciation,  lying  in  the  northeast  comer  of  the  state 
1300     Old  river  bottom  and  swamp  lands,  found  in  the  older  or  Illinoisan  glaciation 
1400    Late  river  bottom  and  swamp  lands^  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  formed  by  overloaded  streams  draining  from  the  glaciers  and  gravel  outwash 

plains 
IGOO    Lactistrine  deposits,  formed  by  Lake  Chicago  or  the  enlarged  Lake  Michigan 

Mechanical  Composition  of  Soils, — The  mechanical  composition,  or  the  tex- 
ture, is  a  most  important  feature  in  characterizing  a  soil.  The  texture  de- 
pends upon  the  relative  proportions  of  the  following  physical  constituents: 

3d 
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Organic  matter:    undecomposed  and  partially  decayed  vegetable  material 
Inorganic  matter:    clay,  silt,  fine  sand,  sand,  gravel,  stones. 

OUisses  of  Soils. — ^Based  upon  the  relative  proportion  of  the  various  con- 
stituents  mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below. 

Index  Number  Limits  Class  Names 

0  to    9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 Clays 

20  to  24 Clay  loams 

25  to  49 Silt  loams 

50  to  59 Loams 

60  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 Gravelly  loams 

95  to  97 Gravels 

98 Stony  loams 

99    Bock  outcrop 

Naming  and  Numbering  Soil  Types. — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  is  the  color. 
Therefore,  in  the  naming  of  soils  in  Illinois,  a  combination  of  color  and  texture, 

* 

together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  given  soil  type;  as  for 
example,  ''gray  silt  loam  on  tight  day,*'  or  *' brown  silt  loam  over  gravel." 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certain 
substrata.  When  the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches ;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
somewhat  the  Dewey  library  system,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  at 
100  with  the  unglaciated,  and  following  in  series  in  the  order  of  the  enumeration 
presented  in  the  paragraph  above  headed  Great  Soil  Areas  In  Illinois.  The 
digits  of  the  orders  of  units  and  tens  represent  the  various  kinds  of  soil  such  as 
are  enumerated  above  in  the  list  of  soil  classes.  A  modification  of  a  soil  type 
called  a  phase  is  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
is  found  less  than  30  inches  below  the  surface.  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
colora 
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A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  type  numbers  and  a  description  of  the  area  covered,  will  be  found 
in  the  respective  county  soil  reports. 

SOIL  SURVEY  METHODS 

Mapping  the  Soil  Types. — In  conducting  the  soil  survey,  the  county  consti- 
tutes the  unit  of  working  area.  In  order  that  the  survey  be  thoroly  truthworthy 
it  is  neciessary  that  careful,  well-trained  men  be  employed  to  do  the  mapping. 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
two  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
up  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendently on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map- 
ping. The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  oflScial 
data  of  the  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  toVn  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  composing  it.  The  dif- 
ferent types  are  indicated  on  the  map  by  different  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle  or  by  some  other  measuring 
device,  while  distances  in  the  field  away  from  the  roads  are  determined  by 
pacing,  an  art  in  which  the  men  become  expert  by  practice.  The  soil  boundaries 
can  thus  be  located  with  as  high  a  degree  of  accuracy  as  can  be  indicated  by 
pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  Analysis, — After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  different  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled ;  namely, 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subsoil 
(20  to  40  inches).  These  strata  correspond  approximately,  in  the  common  kinds 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to  two 
times  and  three  times  this  quantity  in  the  subsurface  and  the  subsoil,  respec- 
tively. 
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By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  ordinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended  upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  Even  a  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  maintained 
at  a  high  point,  then  the  strong,  vigorous  plants  will  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PBINGIPLES  OF  SOIL  FEBTnJTT 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 


CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfur,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  Ca,  and  Pe.  Some 
seasons  in  central  Illinois  are  suflBciently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops  are  not  produced  under  favorable 
seasonal  conditions,  the  failure  is  due  to  unfavorable  soil  condition,  which  may 

Table  A. — Plant  Food  in  Wheat,  Corn,  Oats,  and  Clover 


Produce 

Nitrogen 

Phos- 
phorus 

Sulfur 

Potas- 
8i\im 

Magne- 
sium 

Calcium 

Iron 

Kind 

Amount 

Wheat,  grain 

Wheat  straw 

Com,  grain 

Com  stover 

Com  cobs 

Oats,  grain 

Oat  straw 

Clover  seed 

Clover  hay 

Ibu. 
1  ton 

Ibu. 
1  ton 
1  ton 

Ibu. 
1  ton 

1  bu. 
1  ton 

lbs. 
1.42 
10.00 

1.00 

16.00 

4.00 

.66 
12.40 

1 .  75 
40.00 

lbs. 

.24 
1.60 

.17 
2.00 

.11 
2.00 

.50 
5.00 

lbs. 

.10 
2.70 

.08 
2.42 

.06 
4.14 

•   •   •   •    • 

3.28 

lbs. 
.26 
18.00 

.19 

17.33 

4.00 

.16 
20.80 

.75 
30.00 

lbs. 

.08 
1.60 

.07 
3.33 

.04 
2.80 

.25 
7.75 

lbs. 

.02 
3.80 

.01 
7.00 

.02 
6.00 

.13 
29.25 

1 

lbs. 
.01 
.60 

.01 
1.60 

.01 
1.12 

1.66 

40 
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result  from  poor  drainage,  poor  physical  condition,  or  an  actual  deficiency  of 
plant  food. 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  comm.on 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
ton,  as  the  case  may  be.  From  these  data  the  amount  of  any  element  removed 
from,  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argument  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion. 

PLANT-FOOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  (carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 
air  by  one  class  of  plants  (legumes),  in  case  the  amount  liberated  from  the 
soil  is  insufficient;  but  even  these  plants  (which  include  only  the  clovers,  peas, 
beans,  and  vetches  among  our  common  agricultural  plants)  are  dependent  upon 
the  soil  for  the  other  six  elements  (phosphorus,  potassium,  magnesium,  calcium, 
iron,  and  sulfur),  and  they  also  utilize  the  soil  nitrogen  so  far  as  it  becomes 
soluble  and  available  during  their  period  of  growth. 


Tablb  B.— Plant-Food  Elements  in  Manure,  Rough  Feeds,  and  Fertiliiebs 

• 

Pounds  of  plant  food  per  ton 
of  material 

Material 

Nitrogen 

Phosphorus 

Potassium 

Fresh  farm  manure 

10 

16 
12 
10 

40 
43 
60 

80 

280 
310 
400 

80 
20 

a     «     • 

•  B      • 

•  ■     • 

•  •     • 

•  •     • 

2 
2 

8 

Com  stover 

17 

Oat  straw 

2                   21 

Wheat  straw 

2 

5 
6 
4 

8 

•  ■  • 

•  •   • 

•  •  • 

180 
250 
260 
125 

•  •  • 

•  •   « 

•  •   • 

10 

19 

Clover  hay '. 

30 

Cowpea  hay 

33 

Alf aua  hav 

24 

Sweet  clovw  (water-free  basis)* 

28 

Dried  blood 

SWinnri  nitrat-e 

AmmmiiuTP  Wllfate 

Raw  bone  meal 

Steamed  bone  meal 

Raw  rock  phosphate 

Acid  phosphate 

Potassium  chlorid 

850 

Pntflflfd^irn  sulfate 

850 

Kainit 

200 

Wood  ashes* ,  . .  , 

100 

*Young  second  year's  growth  ready  to  plow  under  as  green  manure. 

'Wood  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 
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The  vast  diflference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  poxmds  to  4,900  poimds,  the  potassium  ranges  from  1,530  poimds 
to  about  58,000  pounds.  Similar  variations  are  f  oimd  in  all  of  the  other  essential 
plant  food  elements  of  the  soil. 

With  these  facts  in  mind  it  is  easy  to  xmderstand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reSuced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some  of  the  materials  most  commonly  used 
as  sources  of  plant-food  supply. 

LIBERATION  OF  PLANT  FOOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  farmer, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  limestone  and 
decaying  organic  matter.    Tillage  also  has  a  considerable  effect  in  this  connection.. 

Effect  of  Limestone. — ^Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogen-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the 
same  time,  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  suflScient  organic  nirogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  com,  the  nitrous  acid  formed  is  alone  sufficient  to  convert 
seven  times  as  much  insoluble  tricalcium  phosphate  into  soluble  monocalcium 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Effect  of  Organic  Matter. — Organic  matter  may  be  supplied  by  animal  man- 
ures, consisting  of  the  excreta  of  animals  and  usually  accompanied  by  more 
or  less  stable  litter,  and  by  plant  manures,  including  green-manure  crops  and 
cover  crops  plowed  under  and  also  crop  residues  such  as  stalks,  straw,  and  chaff. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condition, 
and  origin,  and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  but  little  more 
than  half  the  organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  to  nearly  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they,  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.    Tne  history  of  the  individual 
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farm  or  field  must  be  depended  upon  for  information  concerning  recent  additions 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legume 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ;  and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon 
as  nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good 'productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil ;  while  in 
old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  or  nitrogen. 
Except  in  newly  made  alluvial  soils,  the  ratio  is  usually  narrower  in  the  sub- 
surface and  subsoil  than  in  the  surface  stratum.  Soils  of  cut-over  or  burnt-over 
timber  lands  sometimes  contain  so  much  partially  decayed  wood  or  charcoal 
as  to  destroy  the  value  of  the  nitrogen-carbon  ratio  for  the  purpose  indicated. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrous 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  power  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage. — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
the  soil. 

PERMANENT  SOIL  IMPROVEMENT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of' Limestone. — ^In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse 
causes :  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.    It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
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more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitrogen 
fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of  certain 
fungus  diseases,  such  as  corn  root  rot.  Experience  indicates  that  it  modifies  di- 
rectly the  physical  structure  of  some  soils,  frequently  to  their  great  improvement. 
Thus,  working  in  one  or  more  of  these  difl:erent  ways,  limestone  often  be- 
comes the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply, — If  the  soil  is  acid,  at  least  2  tons  per  acre  of  ground 
limestone  should  be  applied  as  an  initial  treatment.  Continue  to  apply  lime- 
stone from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes,  using  preferably  at  times  magnesian  limestone 
(CaCOjMgCOg),  which  contains  both  calcium  and  magnesium  and  has  slightly 
greater  power  to  correct  soil  acidity,  ton  for  ton,  than  the  ordinary  calcium 
limestone  (CaCOa).  On  strongly  acid  soils,  or  on  land  being  prepared  for 
alfalfa,  4  or  5  tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first 
application. 

How  to  Ascertain  the  Need  for  Limestone. — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  one  of  the  following  tests  for  soil  acidity.  Along 
with  the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It 
should  be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the 
absence  of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral 
point,  that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This 
condition  is  explained  by  the  assumption  that  solid  particles  of  calcium  or 
magnesium  carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally 
acid.  Because  of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if 
it  is  to  be  thoroly  reliable.  It  is  also  desirable  to  test  samples  from  different 
depths.    Following  are  the  directions  for  making  these  tests: 

The  Litmns  Paper  Test  for  Acidity.  Make  a  baU  of  fresh  moist  soil,  break  it  in  two, 
insert  a  piece  of  blue  litmus  paper,  and  press  the  soil  firmly  together  again.  After  a  few 
minutes  examine  the  paper.  If  it  has  turned  pink  or  red,  soil  acidity  is  indicated.  The 
intensity  of  the  color  and  the  rapidity  with  which  it  develops  indicates  to  some  extent 
the  amount  of  acidity.  Needless  to  say  the  reliability  of  the  test  depends  upon  the  quality 
of  litmus  paper  used. 

The  Potassiam  Thiocyanate  Test  for  Acidity.  A  more  recently  discovered  test  f o  soil 
acidity  which  promises  to  be  more  satisfactory  than  the  litmus  test  is  made  with  a  4-percent 
solution  of  potassium  thiocyanate  in  alcohol — 4  grams  of  potassium  thiocyanate  in  100 
cubic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of  soil 
shaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soil  is  acid  and  lime- 
stone should  be  applied.  If  the  solution  remains  colorless  the  soil  is  not  acid.  The  con- 
ditions for  a  prompt  reaction  require  a  temperature  that  is  comfortably  warm. 

The  Hydrochloric  Acid  Test  for  Carbonates.  Make  a  shallow  cup  of  a  ball  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  bubbles, 
producing  foaming  or  effervescnce.  With  much  carbonate  present  the  action  is  lively,  but 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little, 
is  indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 


The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  af^cul- 
tnre.  Four  important  reasons  for  this  are:  its  increasing?  deficiency  in  most 
soils ;  its  cost  when  purchased  on  the  open  market ;  its  removal  in  large  amounts 
by  crops;   and  its  loss  from  soils  thru  leaching.     Nitrogen  costs  from  four  to 
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five  times  as  much  per  pound  as  phosphorus.  A  100-bushel  crop  of  com  re- 
quires-150  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops. 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This 
large  supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually 
turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  the  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soil. 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats  (grain  and  straw)  requires  1  pound  of  nitrogen. 
1  bushel  of  com  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 
1  bushel  of  wheat  (l^rain  and  straw)  requires  2  pounds  of  nitrogen* 
1  ton  of  timothy  requires  24  pounds  of  nitrogen. 
1  ton  of  clover  contains  40  pounds  of  nitrogen. 
1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 
1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 
1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  green 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops.  Soils  of  mod- 
erate productive  power  will  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and  stubble.  In  grain 
crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  cell. 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  being  especially  rich  in  this  element. 
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The  phosphorus  content  of  a  soil  varies  according  to  its  origin  and  the 
kind  of  farming  practiced.    Even  virgin  soils  are  found  that  are  deficient  in 

phosphorus. 

On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to  serious 
erosion  by  surface  washing  or  gullying)  that  element  should  be  applied  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops  de- 
sired to  be  produced.  The  abundant  information  thus  far  secured  shows  positively 
that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very  prof- 
itably, and  clearly  indicates  that  this  material  will  be  the  most  economical  form  of 
phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil  im- 
provement. The  first  application  may  well  be  one  ton  per  acre,  and  subsequently 
about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied,  at  least 
until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per  acre, 
which  may  require  a  total  application  of  from  3  to  5  or  6  tons  per  acre  of  raw 
phosphate  containing  12^  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  a  pound  of  phosphorus  delivered  in 
Illinbis  in  the  form  of  raw  phosphate  (direct  from  the  mine  in  carload  lots),  is 
much  cheaper  than  the  same  amount  in  steamed  bone  meal  or  in  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase  by  farm- 
ers in  carload  lots,  which  is  not  the  case  with  raw  phosphate.  Landowners  should 
bear  in  mind  the  fact  that  phosphorus  additions  to  the  soil  in  amounts  above  the 
immediate  crop  requirements  represent  a  permanent  investment,  since  this  ele- 
ment is  not  readily  lost  in  the  drainage  water  as  in  the  case  of  nitrogen.  It  is 
removed  from  the  farm  thru  the  sale  of  crops,  milk,  and  animals. 

Phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is  applied 
to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant  seems  to 
possess  an  unusual  power  for  assimilating  raw  phosphate,  or  else  at  a  time  when 
it  can  be  plowed  under  with  some  form  of  organic  matter  such  as  animal  manure 
or  green  manure,  the  decay  of  which  serves  to  liberate  the  phosphorus  from  its 
insoluble  condition  in  the  rock.  It  is  important  that  the  fine-ground  rock  phos- 
phate be  intimately  mixed  with  the  organic  material  as  it  is  plowed  under. 

The  Potassium  Problem 

Normal  soils,  in  which  clay  and  silt  form  a  considerable  part  of  the  con- 
stituency, are  well  stocked  with  potassium,  altho  it  exists  largely  in  insoluble 
form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low  in  this 
element.  On  such  soils  this  deficiency  may  be  supplied  by  the  application  of 
some  potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit,  or 
other  potassium  compound,  and  in  many  instances  this  is  done  at  great  profit. 

From  all  the  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  normal  soils 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera- 
tion. The  Rothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  practically  the 
same  power  as  potassium  to  increase  crop  yield  in  the  absence  of  sufficient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 
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potassium  is  removed,  as  in  the  entire  crops  at  Bothamsted,  witli  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 

Further  evidence  on  this  matter  is  furnished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure. 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  com. 
but  the  cheaper  salt,  kainit,  was  just  as  effective  as  the  potassium  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave 
very  little  increase  over  that  produced  by  the  manure  alone.  This  is  explained 
in  part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it.  has  been 
shown  that  potassium  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds 
of  the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus 
from  the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  potas- 
sium; so  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm, 
either  in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing 
25,000  pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  mag- 
nesium and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium. 
But  with  these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassium,  130  of 
magnesium,  and  330  of  calcium.  These  figures  are  very  significant,  and  it 
may  be  stated  that  if  the  plowed  soil  is  well  supplied  with  the  carbonates  of 
magnesium  and  calcium,  then  a  very  considerable  proportion  of  these  amounts 
will  be  leached  from  that  stratum.  Thus  the  loss  of  calcium  from  the  plowed 
soil  of  an  acre  at  Rothamsted,  England,  where  the  soil  contains  plenty  of  lime- 
stone, has  averaged  more  than  300  pounds  a  year  as  determined  by  analyzing 
the  soil  in  1865  and  again  in  1905.  And  practically  the  same  amount  of  calcium 
was  found  by  analyzing  the  Rothamsted  drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCOg),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  is  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  was 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten 
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years  amounted  to  790  pounds  per  acre.    The  definite  data  from  careful  investi 
gations  seems  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed 
at  least  2  tons  per  acre  should  be  applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
.require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which.it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
em  and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton ;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows: 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  thes6  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  the  sulfur  passes  into  the  atmos- 
phere or  into  the  soil  solution  in  the  form  of  sulfur  dioxid  gas.  This  gas  unites 
with  oxygen  and  water  to  form  sulfuric  acid,  which  is  readily  washed  back  into 
the  soil  by  the  rain,  thus  completing  the  cycle,  from  soil — to  plants  and  animals 
— to  air — ^to  soil. 

In  this  way  sulfur  becomes  largely  a  self -renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.  With  a  fair  stock  of 
surfur,  such  as  exists  in  our  common  types  of  soil,  and  an  annual  return,  which 
of  itself  would  more  than  suffice  for  the  needs  of  maximum  crops,  the  mainten- 
ance of  an  adequate  sulfur  supply  presents  little  reason  at  present  for  serious 
concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur  in  the 
soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is  small. 
Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of  crop  pro- 
duction, and  it  will  be  necessary  sooner  or  later  to  introduce  this  substance  from 
some  outside  source.  Investigation  is  now  under  way  to  determine  to  what 
extent  this  situation  may  apply  to  conditions  in  Illinois. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.     The  constituent  most  important  for  this  purpose  is 
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organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tendency  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  oft«i 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  tnle  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  com  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  however,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil. 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  corn,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if  cropping 
has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good 
tilth. 

Systems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
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other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what 
will  prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and 
farmers  and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 

six-Year  Botations 
First  year     — Com 
Second  year  — Com 

Third  year    — ^Wheat  or  oats  (with  clover  or  clover  and  grass) 
Fourth  year  — Clover,  or  clover  and  grass 
Fifth  year    — ^Wlheat  (with  clover)  or  grass  and  clover 
Sixth  year    — Clover,  or  clover  and  grass 

Of  courae  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Five-Year  Botations 
First  year     — Com 

Second  year  -—Wheat  or  oats  (with  clover,  or  clover  and  grass) 
,     Third  year    — Clover,  or  clover  and  grass 

Fourth  year  — ^Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — <Jlover,  or  clover  and  grass 

•     First  year     — Cora 
Second  year  — Com 

Third  year    — Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Fourth  year  — Ciover,  or  clover  and  grass 
Fifth  year    —Wheat  (with  clover) 

First  year     — Com 

Second  year  — Cowpeas  or  soybeans 

Third  year    — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Fifth  year    — ^Wheat  (with  clover) 

The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 
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Four-Tear  Botations 

First  year     — ^Wheat  (with  clover)  First  year    — Com 

Second  year  — Com  Second  year  — Com 

Third  year    — Oats  (with  clover)  Third  year  — ^Wheat  or  oats  (with  elover) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year    — Cora  First  year    — Wheat  (with  clover) 

Second  year — ^Wheat  or  oats  (with  colver)  Second  year — Clover 

Third  year   — Clover  Third  year   — Com 

Fourth  year — Wheat  (with  clover)  Fourth  year — Oats  (with  clover) 

First  year     — Corn 
Second  year  — Cowpeas  or  soybeans 
Third  year   — Wheat  (with  clover) 
Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Tear  Botations 

First  year    — Cora  First  year    — Wheat  (with  clover) 

Second  year — Oats  or  wheat  (with  clover)    Second  year — Com 

Third  year   — CJlover  Third  year   — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 
before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 
grow  on  every  acre  every  year.  This  is  likewise  true  of  the  following  suggested 
two-year  system : 

Two-Tear  Botatios 

First  year     — Oats  or  wheat  (with  sweet  clover) 
Second  year  — Cora 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover  espec- 
cially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture  and 
hay  crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop-rotation 
program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  Representing  the  More  Important  Types  of 

Soil  Occurring  in  Bureau  County) 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of  former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  further  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soil.  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report. 

A  few  general  explanations  at  this  point,  which  apply  to  all  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots  and  each  series  is  occupied  by  one  kind  of 
crop.  Usually  there  are  several  series  so  that  a  crop  rotation  can  be  carried  on 
with  every  crop  represented  every  year. 

Fanning  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  and  grain  farming.  In  the  live-stock  system,  stable  manure 
is  used  to  furnish  organic  matter  and  nitrogen.  The  amount  applied  to  a  plot 
is  based  upon  the  amount  that  can  be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.  The  organic  matter  and 
nitrogen  are  applied  in  form  of  plant  manures,  including  all  the  plant  residues 
produced,  such  as  com  stalks,  straw  from  wheat,  oats,  clover,  etc.,  along  with 
leguminous  catch  crops  plowed  under.  It  is  the  plan  in  this  latter  system  to 
remove  from  the  land  only  the  grain  and  seed  produced,  except  in  the  case  of 
alfalfa,  that  crop  being  harvested  for  hay  the  same  as  in  the  live-stock  system. 

Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  definite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.  The  most  common  rotation  used  is  wheat, 
com,  oats,  and  clover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
on  a  fifth  series.  In  the  grain  system  a  legume  catch  crop,  usually  sweet  clover, 
is  included,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  the  following  spring  in  preparation  for  corn.  In  the  event  of 
clover  failure,  soybeans  are  substituted. 
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Soil  Treatment 

The  treatment  applied  to  the  plots  has,  for  the  most  part,  been  standard- 
ized according  to  a  definite  system,  altho  deviations  from  this  system  occur  now 
and  then,  particularly  in  the  older  fields. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

Animal  Manures. — ^Animal  manures,  consisting  of  excreta  from  animals,  with 
stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate  to 
previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manures. — All  crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaff,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clover  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures. — The  yearly  acre-rates  of  application  are :  for  limestone^ 
1,000  pounds;  for  raw  rock  phosphate,  500  pounds;  and  for  potassium,  the 
equivalent  of  200  pounds  of  kainit.  The  initial  application  of  limestone  is  usu- 
ally 4  tons  per  acre. 

Explanation  of  Symbols  Used 

0    =  Untreated  land  or  check  plots 
M  =  Manure  (animal) 

R  =  Residues  (from  crops,  and  includes  legumes  used  as  green  manure) 
L  =  Limestone 
P  =  Phosphorus 

K  =  Potassium  (usually  in  the  form  of  kainit) 
N  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 
(  )  =  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
bushels  of  seed 

In  discussions  of  this  sort  of  data,  financial  profits  or  losses  based  upon 
assigned  market  values  are  frequently  considered.  However,  in  view  of  the 
erratic  fluctuations  in  market  values — especially  in  the  past  few  years — ^it  seems 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at  all  satisfactory. 
The  yields  are  therefore  presented  with  the  thought  that  with  these  figures  at 
hand  the  financial  returns  from  a  given  practice  can  readily  be  computed  upon 
the  basis  of  any  set  of  market  values  that  the  reader  may  choose  to  apply. 

BROWN  SILT  LOAM 

Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.  Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 

The  Morrow  Plots 

It  happens  that  the  oldest  soil  experiment  field  in  the  United  States  is  lo- 
cated on  typical  brown  silt  loam  of  the  early  Wisconsin  glaciation,  on  the 
campus  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  Cteorge 
E.  Morrow,  who  for  many  years  was  Professor  of  Agriculture,  and  these  plots 
are  known  as  the  Morrow  plots. 
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Table  1.— URBANA  FIELD,  MORROW  PLOTS:    Brown  Silt  Loam;  Prairie;  Early 

Wisconsin  Glaciation 

Crop  Yields  in  Soil  Experiments — Bushels  or  (tons)  per  acre 


" 

Soil 

Years 

treatment 

applied 

187^-87 

None 

1888 

None 

1889 

None 

1890 

None 

1891 

None 

1892 

None 

1893 

None 

1894 

None 

1895 

None 

1896 

None. ...... 

1897 

None 

1898 

None 

1899 

None 

1900 

None 

1901 

None 

1902 

None 

1903 

None 

1904 

None 

1904 

MLP 

1905 

None 

1905 

MLP 

1906 

None 

1906 

MLP 

1907 

None 

1907 

MLP 

1908 

None 

1908 

MLP 

1909 

None 

1909 

MLP 

1910 

None 

1910 

MLP 

1911 

None 

1911 

MLP 

1912 

None 

1912 

MLP 

1913 

None 

1913 

MLP 

1914 

None 

1914 

MLP 

1915 

None 

1915 

MLP 

1916 

None 

1916 

MLP 

1917 

None 

1917 

MLP 

1918 

None 

1918 

MLP 

1919 

None 

1919 

MLP 

1920 

None 

1920 

MLP 

Com 
every 
year 


Com 


54.3 
43.2 
48.7 
28.6 
33.1 
21.7 
34.8 
42.2 
62.3 
40.1 
18.1 
50.1 
48.0 
23.7 
60.2 
26.0 


21.5 
17.1 
24.8 
31.4 
27.1 
35.8 
29.0 
48.7 
13.4 
28.0 
26.6 
31.6 
35.9 
54.6 
21.9 
31.5 
43.2 
64.2 
19.4 
32.0 
31.6 
39.4 
40.0 
66.0 
11.2 
10.8 
40.0 
78.0 
13.6 
32.6 
24.0 
43.4 
28.2 
54.4 


Two-year  rotation 


Com 


49.5 

«   •  •  • 

54.3 
33.2 

•  •  •   • 

29.6 

•  •  •   « 

41.6 

«   «  •  • 

47.0 

•  •  •   « 

44.4 

•  •  •   • 

33.7 

•  •  •   • 

35.9 


50.0 
44.9 


47.8 
87.6 


33.0 
64.8 


28.6 
46.3 

•  •  •  • 

•  •  •  ■ 

29.2 
25.0 


49.0 
81.2 


48.4 
81.4 


30.8 
66.2 


Oats 


37.4 

•  •  ■   • 

•  a     •      ■ 

37.2 

•  •  ■   • 

57.2 

•  •  •  • 

34 .« 

■   •  •   • 

•  •  ■    • 

«   •  •   • 

41.5 

•  •  •  ■ 

56.3 


17.5 
25.3 


34.7 
52.4 


32.9 
45.0 


33.8 
59.4 


55.0 
81.0 


33.6 
58.2 


37.5 
64.7 


27.2 
59.3 


37.2 
51.6 


Three-year  rotation 


Com 


70 
34 


53 

•  • 

34 


55 
72 


80 
93 


58 
83 


33 
47 


27 
40 


52 
70 


2 
1 


5 
3 


3 

7 


5 
6 


6 
3 


8 
8 


8 
6 


2 

8 


Oats 


48 


65 
22 


54 


42 
50 


40 
44 


20 
38 


39 
60 


68 
86 


52 
69 


6 


1 
2 


6 


3 
6 


0 
4 


6 
0 


6 
4 


4 
9 


2 

7 


Clover 


(4 

i! 


(1 


(1 

(1 


• 


04) 

51) 
46) 


11) 


42) » 
74)1 


65)« 
73)» 


16 
20 


24 
27 


(2 
(4 


31 
0» 


21 
V 


58) 
04) 


'Soybeans. 

*In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 

•In  addition  to  the  hay,  1.17  bushels  of  seed  were  harvested. 
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Tabu  2.— URBANA  FIELD,  MORROW  PLOTS:    Gunau  Suhhabt 
Biuhels  or  (tool)  per  acre 


SoU 
treatment 
applied 

Com 
every 
yew 

Two-year  rotation 

Thre».year  rotation 

Yeaw 

Cotii 

Oats 

Corn 

Oata 

Clover 

1888 
to  1903 

None 

leeropi 
39,7 

41.0 

6  crept 

44.0 

4S.0 

4erov* 
47.6 

4crt^ 
(2.03) 

1904 
to  1920 

None 

MLP 

41.1 

Seropt 
39.6 
82.2 

9  cropt 
34.4 

6S.2 

ecrov 
61.4 
68.1 

6  crop* 
43.9 
68.3 

Scnjm 
(1.55)' 
(2.50)' 

'One  crop  of  soybean  hay. 

The  Morrow  series  now  consists  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  corn  is  grown  continuously; 
on  the  second  corn  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  has 
been  treated  since  1904,  receiving  standard  applications  of  farm  manure  with 
cover  crops  grown  in  the  one-crop  and  two-crop  systems.  Phosphorus  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  [Kiunds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phosphate  was  in- 
creased sufficiently  to  bring  up  the  total  amount  applied  to  four  times  the  quan- 
tity of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  pounds  of  bone  meal  per  acre  per  year.  In 
1904  ground  limestone  was  applied  at  the  rate  of  1,7(X)  pounds  per  acre  to  the 
south  half  of  each  plot,  and  in  1918  a  further  application  was  made  at  the  rate 
of  5  tons  per  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 


Fio.  1, — Corn  on  thk  Moksow  Plots  in  1910 
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Table  1  gives  the  yearly  records  of  the  crop  yields,  and  Table  2  presents 
the  same  in  summarized  form. 

Summarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half-plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the 
contintious  corn  plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one-third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  com  and  oats  production,  while  the  averages  for  the 
three-year  system  show  an  increase  in  com  yield  and  decreases  in  oats  and 
clover.  Unfortunately  the  numbers  of  crops  included  in  these  last  averages  arc 
too  small  to  warrant  positive  conclusions. 

The  increase  brought  about  by  soil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 

The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  1901. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
"field"  in  a  crop  rotation  system. 

Prom  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  com  and  oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  with  a  crop 
rotation  of  wheat,  corn,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows : 

Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and  8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (E)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
in  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 

Manure  (M)  was  applied  preceding  com,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
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Table  3.— URBAN  A  FIELD,  DAVENPORT  PLOTS:    Brown  Silt  Loam,  Prairie;  Eari-t 

Wisconsin  Glaciation 

Ten- Year  Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 

1911-1920 


Serial 
plot 
No. 


1 


2 
3 
4 
5 


6 

7 
8 
9 


10 


SoU 

treatment 

applied 


0 


R.. 
M.. 
RL. 
ML. 


RLP... 
MLP.. 
RLPK. 
MLPK. 


Mx6LPx5 


Com 

Oats 

Wheat 

Clover 
6  crops 

Soybeans 
6  crops 

65.6 

60.6 

26.0 

(2.42) 

(1.47) 

67.1 
66.3 
64.8 
69.6 

62.3 
61.9 
56.6 
64.1 

28.7 
28.2 
31.4 
32.8 

1.47» 
(2.66) 

1.611 
(2.90) 

19.8 
(1.62) 
20.3 
(1.67) 

71.5 
73.0 
70.9 
70.2 

69.8 
68.6 
72.6 
72.0 

43.0 
40.0 
40.7 
39.2 

2.29» 
(3.62) 

1.79' 
(3.40) 

23.6 

(1.97) 

26.5 

(2.20) 

65.9 

71.4 

40.6 

(3.31) 

(2.22) 

Alfalfa 


(2.43) 

(2.46) 
(2.52) 
(2.72) 
(3.03) 

(3.69) 
(3.76) 
(3.77) 
(3.73) 

(3.77) 


'In  addition  to  the  clover  seed,  a  crop  of  hay  was  harvested  one  year  on  Plots  2,  4,  6,  and  8, 
yielding  2.38,  2.20,  2.64,  and  2.39  tons,  respectively. 

luted  for  the  bone  meal  on  one-half  of  each  of  these  plots.  These  applications 
continued  until  1918  when  adjustments  were  begun,  first  to  make  the  rate  of 
application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
rotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9  in  connection 
with  the  bone  meal  and  rofek  phosphate,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as. much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  ** extra  heavy''  treatment  was  not  begun  until 
1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  The  purpose  in  making  these  heavy  applications  is  to  try  to 
determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limitations 
of  inadequate  fertility. 

It  will  be  observed  that  the  applications  described  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  system, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues,  is  exemplified  in  Plots 
2,  4,  6,  and  8 ;  and  the  live-stock  system,  in  which  farm  manure  is  utilized  for  soil 
enrichment,  is  represented  in  Plots  3,  5,  7,  and  9. 

Table  3  shows  a  summary  of  the  results  obtained  on  the  Davenport  plots 
beginning  with  the  year  1911,  when  the  present  cropping  system  was  introduced. 

When  used  in  conjunction  with  phosphorus  the  crop  residues  and  the 
manure  appear  about  equally  effective;  but  where  phosphorus  is  not  applied, 
the  manure  has  been  decidedly  more  effective,  under  the  conditions  of  the  ex- 
periment. It  should  be  observed,  however,  in  this  connection,  that  the  plowing 
under  of  clover  is  a  very  essential  feature  of  the  residues  system,  and  that,  as 
a  matter  of  fact,  there  were  five  clover  failures,  when  soybeans  were  substituted, 
during  the  ten  years.  Perhaps  with  a  more  reliable  biennial  legume  than  red 
clover,  the  results  would  have  been  more  favorable  for  this  systeta. 
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Manure 
Yield:    1.43  tons  per  aer« 

Pio.  E.— Clotd  on  the  Davenpobt  Plots  ik  1913 

By  comparing  Plots  2  and  3  with  Plots  4  and  5,  it  is  found  that  limestone 
has  had  a  beneficial  effect  on  all  crops.  What  the  financif^  profit  amounts  to 
depends  obviously  upon  the  market  value  of  the  crops  and  the  cost  of  the  lime- 
stone. 

Comparing  Plots  4  and  5  with  Plots  6  and  7,  respectively,  there  is  found 
in  all  cases  an  increase  in  crop  yield  as  a  result  of  adding  phosphorus.  The 
effect  on  wheat  is  especially  pronounced.  Where  limestone  and  phosphorus 
are  applied  in  addition  to  the  crop  residues,  an  increase  of  17  bushels  of  wheat, 
over  the  yield  of  the  untreated  land,  has  been  obtained  as  a  ten-year  average. 

The  effect  of  adding  potassium  to  the  treatment  is  of  much  interest.  Plots 
8  and  9  are  the  same  as  Plots  6  and  7,  respectively,  except  that  potassium  has 
been  applied  to  the  former.  On  the  whole,  no  significant  benefit  is  shown  from 
the  addition  of  potassium. 

No  benefit  appears  as  the  result  of  the  extra-heavy  applications  of  manure 
and  phosphorus  on  Plot  10.  In  fact  the  com  yields  are  noticeably  less  here 
than  on  the  plots  receiving  the  normal  applications  of  these  materials. 

The  University  South  Farm 
On  the  University  South  Farm,  at  TJrbana,  several  series  of  plots  devoted 
primarily  to  variety  testing  and  other  crop-production  experiments  are  so  laid 
out  as  to  show  the  effects  of  certain  soil  treatments  that  have  been  applied. 
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Several  different  systems  of  crop  rotation  are  employed  and  the  crops  arc  so 
handled  as  to  exemplify  the  two  general  systems  of  farming,  grain  and  live- 
stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  sys- 
tems of  cropping.  The  first,  designated  as  the  Southwest  rotation,  is  to  be 
regarded  as  a  good  rotation  for  general  practice,  on  this  type  of  soil,  under  Illi- 
nois conditions.  This  is  a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 
The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oats,  and  clover, 
represents  a  system  very  commonly  practiced ;  and  the  third  or  South-Central 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  must  be  considered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land. 

Tablb  4.— URBANA  field,  SOUTH  FARM:    Brown  Silt  Loam,  Praihib;  Eablt  Wis- 
consin Glaciahon 

Average  Annual  Yields — Bushels  or  (tons)  per  acre 


Southwest  Rotation:    Series  100,  200,  400>:    Wheat,  Com,  Oats,  Clover> 


Soa  • 

treatment 
applied* 

Ck>m 
9  crops 

Oats' 
9  crops 

Wheat' 
8  crops    . 

Clover* 

* 

3  ciDps 

Soybeant 
7  crops 

RP 

62.3 
51.9 
59.7 
64.3 

51.9 
46.5 
50.2 
55.4 

41.0     ' 
26.9 
29.1 
43.1 

1.05 
1.38     ' 

(2.28)  ' 
(2.86) 

17. 3» 

R 

16.2* 

M 

(1.25) 

MP 

(1.51) 

RLP 

60.5 
49.7 
55.5 
64.1 

57.2 
49.6 
54.1 
59.6 

41.8 
25.8 
27.8 
43.9 

.64 
.83 

(1:77) 

16. 4» 

R 

14. 7» 

M 

(1.28) 

MLP 

(1.58) 

\" .  "^'/ 

North-Central  Rotation:    Series  500,  600,  700^:    C^m,  C^m,  Oats,  Clover* 


Soil 

treatment 

applied* 

Ck>m 
Ist  year 
9  crops 

Ck>m 
2d  year 
9  crops 

Oats 
9  crops 

Clover 
5  crops 

Soybeans 
4  crope 

RP 

56.7 
51.7 
54.9 
56.5 

51.1 
45.2 
46.7 
53.4 

56.1 
52.0 
52.1 
56.9 

.54 
.50 

(2.29) 
(2.73) 

16.9 

R 

16.0 

M 

(1.60) 
(1.74) 

MP 

South-Central  Rotation:    Series  500,  600,  700>:    Com,  d^rn,  Com,  Soybeans 


RP. 
R.. 
M.. 
MP 


SoU 

treatment 

applied* 


CJom 
Ist  year 
9  crops 


51.9 
45.5 
50.1 
54.5 


CJom 
2d  year 
9  crops 


44.0 
39.9 
42.1 

46.7 


Com 
3d  year 
9  crops 


41.3 
35.2 
33.5 
42.0 


Soybeans 
Ocrops 


20.0 

19.2 

(1.59) 

(1.66) 


^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

'Soybeans  when  clover  fails. 

*Only  seven  crops  with  limestone. 

Only  one  crop  with  limestone. 

•Average  of  five  crops. 

*A11  phosphorus  plots  received  H  ^^  P^  ftcre  of  limestone  in  1903. 


Ml]  BuEuu  County  S 

Tabia  5. — CoMFABiNo  PaoDUcnoN  of  Corn  in  Thhm  Diffebbnt  Rotation  SiBTma 

AcBB  YtxLDs  raOM  Plots  on  thb  UNmssm  South  Farm 

Twelve- Year  Average  (1908-1919}— Buahela  per  acre 


Wheat-cora- 

Corn-coni-oata- 
legume' 

Cora-eora-corn-legume* 

Treatment 

Cora 

Iflt  Cora    2d  Cora 

iBt  Cora    2d  Cora    3d  Cora 

65.8 
63.2 

63.3          46.0 
66.6          52.3 

47  8          41.0          34.3 

53.2          46.3          41.6 

*Clover  3  erope,  and  soybeans  7  crops. 
*CloTer  6  crops,  and  soybeans  6  crops. 
■Soybeans  0  crops. 

On  the  whole,  the  "residues"  have  not  returned  yields  quite  so  high  as 
thoBe  produced  by  the  manure  treatment ;  but,  as  remarked  above  in  the  discus- 
moa  of  the  Davenport  plots,  the  residues  system  has  probably  been  at  a  disad- 
vantage thru  frequent  clover  failures.  On  the  North-Central  rotation,  where 
conditions  »eem  to  have  been  more  favorable  for  clover,  there  is  very  little  dif 
ference  between  the  effect  of  manure  and  of  residues. 


Fig.  3. — ^Wbkat  on  tbe  Univebsitt  South  Fabu  in  1911 
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In  the  rotation  system  in  which  limestone  is  being  applied,  no  benefit  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test,  however,  has  hardly  been  of  sufficient  duration  to  warrant  final  con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  }  ield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  com  yields  produced 
under  different  systems  of  cropping.  Table  5  gives  a  general  summary  of  the 
corn  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ** organic  manures."  The  highest  annual  acre-yields 
are  found  where  corn  occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-yields  are  less ;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  general 
farm  management. 

Experiment  Fields  in  Bureau  County 

it  happens  that  there  are  two  experiment  fields  located  within  the  borders 
of  Bureau  county,  one  near  La  Moille  and  the  other  at  Spring  Valley.  Both 
of  these  fields  are  on  the  brown  silt  loam  of  the  early  Wisconsin  glaciation  but 
the  Spring  Valley  field  represents  a  phase  of  the  type  that  was  formerly  timbered. 

The  La  Moille  Field 

The  first  experimental  crops  were  grown  on  the  La  Moille  field  in  1910.  Two 
cropping  systems  are  being  carried  on.  The  main  system  is  the  standard  rota- 
tion of  wheat,  com,  oats,  and  clover.  In  addition  to  this,  a  minor  rotation  of 
potatoes  and  alfalfa  has  been  conducted  on  other  plots  in  which  potatoes  occu- 
pied the  land  for  two  years  and  were  followed  by  six  years  of  alfalfa.  This 
latter  rotation  was  changed  in  1921  to  one  consisting  of  corn,  com,  wheat,  and 
alsike  clover.  A  diagram  of  the  La  Moille  field,  showing  the  arrangement  of 
the  plots,  is  presented  as  Fig.  4. 

Table  6  shows  the  treatment  of  plots  and  the  summarized  results  for  the 
years  since  full  treatment  has  been  under  way. 

In  considering  these  results  it  should  be  taken  into  account  that  this  field 
is  not  altogether  imif orm.  As  a  matter  of  fact  some  of  the  untreated,  or  check, 
plots  are  among  those  most  favorably  located,  and  this  places  upon  many  of  the 
treated  plots  a  handicap  which  will  require  time  to  overcome.  The  annual 
records,  which  are  not  given  here  in  the  summarized  results,  reveal  the  fact  that 
progressive  improvement  is  taking  effect  as  a  result  of  proper  treatment.  The 
increases  due  to  proper  treatment  are  much  more  marked  in  the  later  than  in 
the  earlier  years,  thus  indicating  that  the  treated  plots  are  becoming  better  or 
the  check  plots  are  becoming  poorer,  or,  what  is  more  probable,  that  both  ol 
these  effects  are  taking  place. 
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Tabm  6.— la 


MOILLE  FIELD:    Bbown  Silt  Loam,  Prairie;  Lath  Wisconsin  Glaciation 
Average  Annual  Yields — Bushels  or  (tonB)  per  acre 


Main  Rotation 

Minor  Rotation 

Sou 

treat- 
ment 

Wheat 

6  crops 

Com 
S  crops 

Oats 
8  crops 

Legumes 

Alfalfa 
10  crops 

K 

Clover  6  crops 

Soybeans  1  crop 

Hay      Seed 

Hay      Seed 

8  crops 

I 

0 

28,0 

44,2 

67.1 

(2,46)      .... 

(2,20)      .... 

(2 

34) 

103,2 

2 
3 
4 

M 

ML 

MLP. . . 

37.9 
39.4 
39.2 

54,4 

52.7 
63.2 

73.7 
72,6 

70.8 

(2,86)      .... 
(2.90)      .... 
(2.90)      .... 

(2,20)      .... 
(2,18)      ,,,, 
(2.20)      ,.-. 

ii 

(2 

80) 
83) 
69) 

135,8 
130.0 
121  8 

5 

0 

36.2 

39.9 

69.3 

(   .96)      1.06 

, , , .       16  2 

6 

7 
8 
» 

R 

RL 

RLP.... 
RLPK.. 

38.2 

41^0 
40,9 

48.4 
49.8 
61.0 
49,1 

72,0 
70.9 

73.4 
71  1 

(   .95)         .67 
(1.05)        .73 
(1.04)       ,82 
(1,03)         89 

..,,       16.8 

16,6 

..,.       14,4 

....        14  7 

10 

0 

31,1 

37.4 

61.8 

(2-73)      ,,.. 

(1.96)      ,,., 
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The  data  thus  far  obtained  indicate  that  the  addition  of  organic  matter  to 
the  soil,  whether  in  the  form  of  animal  manures  or  plant  manures,  has  produced 
beneficial  effects.  Limestone  on  the  whole  seems  to  have  produced  no  marked 
effect  on  this  field.  Phosphorus  has  as  yet  returned  no  profit  when  applied  with 
manure  and  limestone,  but  when  applied  in  the  residue  Efystem  gains  in  yield  in 
all  of  the  grain  crops  are  shown.  It  is  probable  that  as  time  goes  on,  and  the 
nitrogen  supply  becomes  built  up  thru  the  incorporation  of  organic  matter, 
phosphorus  will  become  a  limiting  element  and  greater  profit  will  result  from 
its  use.    The  application  of  potassium  has  produced  no  significant  results. 

The  Spring  Valley  Field 

The  Spring  Valley  field  is  located  on  the  grounds  of  the  Township  High 
School.  This  land  was  formerly  timbered.  The  surface  is  very  rolling.  In  fact, 
the  contour  is  so  uneven  as  to  render  the  plot  comparisons  very  difficult  in  some 
cases. 

The  field  is  laid  out  in  two  rotations,  a  major  and  a  minor.  The  major  crop 
rotation  consists  of  wheat,  com,  oats,  and  clover  and  occupies  four  series  of 
plots  with  12  plots  in  each  series.  The  minor  rotation,  on  the  shorter  series, 
consists  of  com,  com  (for  silage),  and  oats  (with  sweet  clover  seeding)  while 
alfalfa  occupies  the  fourth  series.  Figure  5  shows  the  arrangement  of  these 
plots. 

Inasmuch  as  this  field  has  been  so  recently  established  and  so  few  results 
have  been  obtained  since  full  treatment  has  been  in  effect,  no  attempt  is  made 
at  this  time  to  summarize  the  results.  However,  for  the  benefit  of  those  who 
are  interested  in  watching  developments  on  these  plots,  the  tabulated  yields  of 
all  crops  harvested  up  to  1921  are  presented  in  Table  7. 
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Tabub   7.— spring  valley  FIELD:    Brown  Silt  Loam,  Formerly  Timbered; 

Early  Wisconsin  Glaciation 

Average  Annual  Yields — Bushels  or  (tons)  per  acre 


Plot 
No. 

Soil  treatment 
applied 

1915» 

1916 

1917 

1918 

1919 

1920 

Com 

Oats« 

Clover* 

Wheat* 

Cora 

Oats 

100A»  . 

LaP 

100B» 

L  rP 

101 

0 

34.8 
27.8 
26.4 
34.4 
35.0 
30.4 
31.2 
30.2 
33.0 
35.0 

35.9 
32.5 
29.7 
35.9 
26.9 
31.2 
34.4 
38.1 
36.9 
35.9 

(2.26) 
(1.83) 
(2.36) 
(2.40) 
.03 
.05 
.03 
.05 
.03 
(1.34) 

53.2 
46.0 
51.0 
50.3 
55.3 
55.0 
56.3 
67.2 
49.7 
45.2 

41.6 
42.4 
47.6 
55.6 
43.6 
54.4 
57.2 
56.8 
66.0 
30.8 

65.3 

102 

M 

51.6 

103 

ML 

50.6 

104 

MLP 

60.0 

105 

0 

50.6 

106 

R 

40.0 

107 

RL 

46.9 

108 

RLP 

52.2 

109 

RLPK 

58.8 

110 

0 

48.1 

Wheat 

Corn 

Oats 

Clover 

Wheat 

Corn 

200A» 

LaP 

200BS 

L  rP 

201 

0 

19.0 
8.2 
6.3 
16.5 
15.8 
15.5 
21.2 
20.8 
18.8 
13.6 

26.8 

13.8 

10.4 

17.8 

14.6     • 

19.8 

30.0 

26.2 

26.0 

20.2 

56.2 
44.1 
39.1 
49.7 
40.9 
39.7 
47.8 
55.6 
42.2 
42.6 

(3.84) 
(4.26) 
(4.20) 
(4.57) 

33.5 
32.5 
32.7 
34.3 
33.5 
30.8 
33.3 
33.8 
31.3 
31.5 

38.2 

202 

M 

54.0 

203 

ML 

53.8 

204 

MLP 

65.0 

205 

0 

(3.11) 

(3.37) 
(3.55) 
(3..  77) 
(3 .  38) 

.25 

.42 

.67 

1.17 

39.0 

206 

R 

47.4 

207 

RL 

50.6 

208 

RLP 

53.0 

209 

RLPK 

53.4 

210 

0 

(4.56) 

35.6 

Soybeans 

Wheat* 

Com 

Oats 

Clover 

Wheat 

300A* 

LaP 

300BS 

LrP 

301 

0. 

(1.45) 

(1.36) 

(1.40) 

(1.54) 

16.5 

17.2 

17.3 

17.6 

17.0 

(1.36) 

26.0 
17.3 
16.3 
21.2 
20.7 
17.2 
23.8 
19.2 
14.3 
16.7 

23.6 
32.4 
29.6 
44.0 
23.8 
46.2 
48.0 
45.6 
50.4 
20.0 

46.6 
46.9 
37.5 
50.0 
39.4 
54.7 
55.0 
62.2 
50.0 
35.9 

(2.87) 

(2.94) 

(2.72) 

(3.42) 

(1.58) 

(2.04)    . 

(2.00) 

(1.81) 

(1.96) 

(2.70) 

25.3 

302 

M 

23.8 

303 

ML 

26.7 

304 

MLP 

29.3 

305 

0 

21.7 

306 

R 

24.3 

307 

RL 

33.8 

308 

RLP 

33.6 

309 

RLPK 

26.7 

310 

0 

21.2 

Oats 

Clover* 

Wheat* 

Corn 

Oats 

Clover 

400A* 

LaP 

400B* 

L  rP 

401 

0. 

"4i!2*" 
38.4 
23.1 
34.7 
33.8 
28.8 
38.1 
32.5 
38.8 
31.9 

(2.31) 
(2.00) 
(1.92) 
(2.33) 
.10 
.17 
.12 
.15 
.15 
(2.33) 

36.5 
33.0 
32.8 
38.2 
35.0 
37.3 
39.3 
41.8 
39.0 
35.0 

54.4 
58.0 
57.2 
63.6 
50.4 
57.2 
67.6 
64.0 
76.8 
59.2 

36.9 
38.8 
39.1 
40.9 
36.6 
34.7 
54.1 
45.9 
48.8 
45.6 

(2.23) 

402 

M 

(2.48) 

403 

ML 

(2.22) 

404 

MLP 

(2.50) 

405 

0 

(1.46) 
(1.58) 
(1.58) 
(1.68) 

1.40 

406 

R 

1.87 

407 

RL 

1.95 

408 

RLP 

2.02 

409 
410 

RLPK 

0. 

(1.47)  1.87 
(2.39) 

iLime  only.      *No  manure. 

•In  1917  Plots  A  and  B  were  added  to  each  of  the  four  series  from  100  to  400  for  the  pur- 
pose of  making  a  comparative  phosphorus  test.  The  treatment  for  this  test  was  not  begun  until 
1921.  This  treatment  is  as  follows:  on  Plot  A  of  each  series,  acid  phosphate  at  the  rate  of 
200  pounds  per  acre  per  year;  on  Plot  B,  finely  ground  rock  phosphate  at  the  rate  of  4(X) 
pounds  per  acre  per  year:  on  both  A  and  B,  Umestone  at  the  rate  of  500  pounds  per  acre  per 
year,  which  is  one-half  of  the  usual  rate. 
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An  analysis  of  these  yields  shows  that  increasing  gains  for  the  better  treat- 
ments are  already  being  obtained,  thus  indicating  that  as  time  goes  on  the  dif- 
ferences between  the  treated  plots  and  the  check  plots  will  become  more  and 
more  pronounced. 

While  it  is  far  too  early  to  draw  final  conclusions  it  is  of  interest  to  note  a 
few  points  which  the  experiments  seem  to  indicate.  The  possibility  of  building 
up  this  land  thru  the  use  of  legumes  and  crop  residues  in  connection  with  the 
application  of  limestone  is  already  becoming  apparent.  While  it  is  doubtful 
whether  the  gains  produced  by  phosphorus  are  sufficient  as  yet  to  represent 
actual  financial  profit,  it  is  altogether  probable  that  the  results  will  become  more 
favorable  for  phosphorus  as  time  goes  on.  As  to  the  effect  of  potassium  on  this 
soil,  it  is  clear  that  in  the  system  of  farming  practiced,  this  material  has  been 
applied  at  a  financial  loss. 

BLACK  CLAY  LOAM 

The  Hartsburg  experiment  field,  representing  black  clay  loam  of  the  middle 
Illinoisan  glaciation,  is  located  in  Logan  county  just  east  of  Hartsburg.  The 
work  was  begun  here  in  1913.  There  are  five  series  of  ten  plots  each.  A  crop 
rotation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field,  is  practiced. 
The  soil  treatments  are  as  indicated  in  Table  8.  The  table  also  summarizes  the 
yields,  by  crops,  for  the  period  during  which  the  plots  have  been  under  full 
treatment. 

Under  the  conditions  of  these  experiments,  residues  alone  have  proved  to  be 
more  effective  than  manure  alone  in  the  production  of  wheat,  com,  and  oats. 

Limestone  used  with  manure  has  given  such  greatly  increased  yields  as  to 
leave  no  doubt  about  the  profitableness  of  its  use.  When  applied  with  residues, 
however,  there  appears  to  be  on  the  whole  little  advantage  from  the  use  of 
limestone. 


Table  8. —HARTSBURG  FIELD:    Black  Clat  Loam,  Praibib;  Mn>DLX  Illinoisan 

GLAaATION 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Serial 
plot 
No. 


1 
2 
3 
4 


5 
6 

7 
8 
9 


10 


Soil 
treatment 
applied 

0 

M 

ML 

MLP 

0 

R 

RL 

RLP 

RLPK 

0 


Wheat 
5  cropfl 


22.6 
27.4 
34.2 
38.2 


33.3 
34.0 
32.0 
36.4 
35.2 


31.7 


Com 


46.7 


8  crops 

7  crops 

43.4 

45.4 

48.3 

50.2 

56.9 

57.9 

.66.0 

57.3 

46.8 

43.8 

58.2 

55.6 

63.7 

54.9 

61.1 

59.0 

59.5 

57.2 

Oats 


46.9 


Clover 
4  crops 


(1.98) 
[2.41) 
2.51) 
[2.62) 


.74« 
1.22« 
1.32« 
1.41« 
1.42« 


(2.14) 


Soybeans 
2  crops 


25.8 
26.8 
28.4 
26.1 
26.4 


(1.69) 


Alfalfa 
8  crops' 


(3.30) 
(3.61) 
(3.83) 
(4.04) 


(3.19) 
(3.60) 
(3.28) 
(3.83) 
(4.01), 

(3.02) 


'No  residues  except  on  last  two  crops. 

*In  addition  to  the  clover  seed,  hay  was  harvested  on  Plots  5,  6,  7,  8,  and  9  amounting  to 
.56, 1.01, 1.11,  1.20,  and  1.03  tons,  respectively. 
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Phosphorus  has  given  good  returns  on  the  wheat  crop,  but  with  the  other 
crops  its  recommendation  would  be  doubtful.  In  this  connection  attention 
should  be  called  to  the  fact  that  chemical  analysis  of  this  black  day  loam  type 
generally  shows  a  relatively  high  phosphorus  content.  The  experience  on  this 
field  seems  to  bear  out  what  the  analyses  show. 

The  addition  of  potassium  has  produced  a  depressing  effect  an  the  yields 
of  all  grain  crops,  and  with  the  alfalfa  the  small  gain  could  scarcely  be  con- 
sidered significant. 

YELLOW-GRAY  SILT  LOAM 

Tellow-gray  silt  loam  exhibits  an  important  variation  with  respedt  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  sur- 
face. Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by 
dififerent  experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it 
is  thought  well  to  introduce  here  the  records  of  two  fields,  that  are  representative 
of  the  type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illi- 
nois and  one  in  the  southern  part  of  the  state. 

The  Antioch  field  is  located  on  the  late  Wisconsin  glaciation,  in  Lake 
county,  close  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but 
a  single  series  of  ten  plots,  under  a  rotation  of  com,  com,  oats,  and  wheat ;  but 
beginning  with  1911  the  rotation  has  been  wheat,  com,  oats,  and  clover.  It  was 
started  in  order  to  learn  as  quickly  as  possible  what  effect  wofuld  be  produced 
by  the  addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used 
singly  and  in  combination.  These  elements  were  all  applied  in  commercial  form 
until  1911,  after  which  the  use  of  commercial  nitrogen  was  discontinued  and 
crop  residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the  earlier 
years  in  800  pounds  per  acre  of  dried  blood.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  daked  lime  was  applied ;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 


Tabub  9. — ANTIOCH  FIELD:     Ybllow-Grat  Silt  Loam,  Timbeb  Soil;  Latb  Wisconsin 

GLAaATION 

Average  Annual  Yields — Bushels  or  (tons)  per  acre 


Serial 
plot 
No. 

Soil  treatment  applied 

CJom 
8  crops 

Oats 
5  crops 

Wheat 
4  crops 

Clover 

seed 

2  crops 

1 

0 

23.9 
21.3 

32.3 
26.8 

16.8 
13.2 

.50 

2 

L 

.30 

3 

LR 

21.3 
30.7 
23.7 

29.9 
43.6 

27.8 

20.6 
36.7 
19.2 

.33 

4 

LP 

1.08 

5 

LK 

.57 

6 

LRP 

33.8 
24.3 
25.1 

43.3 
26.9 
38.2 

33.3 
20.8 
30.9 

.57 

7 

LRK 

.59 

8 

LPK 

1.26 

9 

LRPK 

38.3 
38.4 

42.6 
44.7 

28.0 
30.2 

.33 

10 

RPK 

.67 

Son.  Beport  Ko.  20 


Hanvre,  limestone,  phosphorna 
Yield:    61  bushels  per  acre 

Fio.  6. — COBM  OK  Baleioh  Fieu)  m  1920 

Table  9  presents,  in  summarized  form,  the  results  from  the  Antioeh  field 
Because  of  an  abnormality  in  Plot  1,  the  resvilts  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  prom- 
inently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.  Also,  the 
results  are  unfavorable  for  the  application  of  limestone.  Limestone,  however, 
is  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  lUinoisan  glaciation, 
in  southern  Illinois,  in  Saline  comity.  This  field  is  laid  out  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  corn,  oats,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  10. 

The  outstanding  feature  of  these  results  is  the  effect  of  limestone.  Altho 
manure  alone  produces  a  substantial  increase,  especially  in  the  corn  crop,  when 
limestone  is  added  a  remarkable  increase  is  found  in  all  crops.  A  most  im- 
portant fact  is  that  the  organic  matter  can  be  effectively  built  up  thru  the  use 
of  crop  residues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  under  this  "grain  system"  of  farming  as  where  manure  is 
used. 

Phosphorus  thus  far  has  given  only  moderate  returns  in  increased  crop 
yields,  but  with  an  increasing  quantity  of  organic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  will  show  up  more  favorably  on  sub- 
sequent crops.  As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
increase  of  5.4  bushels  of  com  in  the  residues  system,  the  beneficial  effect  has  not 
been  sufficient  to  justify  the  use  of  this  material. 
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Tabub  10. — ^RALEIGH  FIELD:  Ybllow-Grat  Silt  Loam,  Timbbb  Soil;  Lowxb  Ilunoiban 

Glaciatton 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Serial 
plot 
No. 


1 
2 
3 
4 


5 
6 

7 
8 
9 


10 


Soil 

treatment 

applied 

0 

M 

ML 

MLP 

0 

R 

RL 

RLP 

RLPK 

0 


Com 
10  crops 

Oats 
10  crops 

Wheat 
6  crops 

17.3 
29.7 
40.9 
41.2 

10.4 
13.0 
20.0 
20.3 

5.8 
7.7- 
21.0 
21.5 

17.3 
20.1 
34.9 
36.5 
41.9 

10.3 
12.8 
21.5 
22.7 
23.6 

7.0 

8.4 

18.8 

21.2 

22.4 

19.6 

11.6 

6.5 

Clover 
4  crops 


(  -26) 

(  .31) 

(1.08) 

(1.32) 

(    00)   ■ 

.01* 

(  .00) 

.01« 

(1.60)1 

.10« 

(1.61)1 
(1.79)1 

.09« 

.12* 

(1.06) 


Soybeans 
4  crops 


2.3 
3.0 
5.8 
6.8 
6.0 


(  .57) 


K)ne  crop  only  (1920). 
'Average  of  two  crops. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
Ktone;  while  the  Raleigh  field  represents  the  lower  Illinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recommendation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  applying  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  under  the  discussion  of  limestone  on  page  43  of 
the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
on  other  fields  located  on  this  same  type  of  soil.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  try  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is  not  far  off  when 
phoig)horus  will  become  a  limiting  element  to  crop  production,  and  the  vnsc 
farmer  will  watch  carefuUy  the  indications  and  be  ready  to  make  timely  pro- 
vision for  this  need. 


YELLOW  SILT  LOAM 

A  soil  fertility  experiment  field  on  yellow  silt  loam  is  located  at  Elizabeth- 
town,  in  the  southern  end  of  the  state,  but  this  field  has  not  been  in  operation  long 
enough  to  furnish  results  that  can  be  used. 
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Fio.  7.— Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  or  Worn  Hhj.  Land 
The  need  of  nitrogen  <N}  on  thU  type  of  boU  is  cle&rljr  demonstrated. 


Table  11. — Crop  Yields  in  PoT-CnLTUR«  Expiiiiimbkt  with  Yellow  Silt  Loam  of  Wobs 

Hill  Land 

Grama  per  pot 


Soil  treatmeat  applied 


LlmeBtooe,  nitrogen 

Limestone,  phoaphorua 

Limestone,  potassium 

LimeatoDe,  nitrogen,  phosphorus . . , 
Limestone,  nitrogen,  potaasium .... 
LimestODe,  phosphorus,  potassium, , 


Average  gain  for  nitrogen. , 


37 


However,  some  experiments  in  pot  culture  have  been  conducted  with  soil 
of  this  type,  the  results  of  which  furnish  useful  data  in  indicating  the  proper 
management  of  this  kind  of  soil. 

In  one  experiment  a  lai^e  quantity  of  typical  worn  hill  soil  was  collected 
from  two  different  places.  Each  lot  of  soil  was  thoroly  mixed  and  put  into  ten 
four-gallon  jars.  Wheat  was  planted  in  one  series  and  oats  in  the  other.  Ground 
limestone  was  added  to  all  the  jars  except  the  first  and  last  in  each  set,  those 
two  being  retained  as  control,  or  check  pots.  The  elements  nitrogen,  phosphorus, 
and  potassium  were  added  singly  and  in  combination,  as  shown  in  Table  11. 

As  an  sverage,  the  yield  produced  where  nitrogen  was  applied,  was  abont 
eight  times  as  large  as  that  secured  without  the  addition  of  nitrogen. 

But  there  is  noi  need  whatever  to  purchase  nitrogen,  for  tbe  air  contains  an 
inexhaustible  supply  of  it  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.     Clover,  alfalEnj 
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Flo,  8. — ^Wheat  in  Pot-Cultuke  Eiperiment  with  Tkllow  Smr  Loau  of  Worn  Hill  Lahi* 
In  tbe  pots  at  the  right,  nitrogen  ia  applied  in  commercial  form.     In  the  pots  at  the  left, 
litrogen  is  eecured  from  the  air  thru  the  growing  of  legimieB. 


Tablb  12. — Crop  Yields  in  Pot-Cdltorb  Expebiuknt  with  Yellow  Silt  Loak  of  Worn 

Hill  Land  and  NnsoaxN-PaciNO  Grbin  Manubx  Crops 

Granu  per  pot 


Pot 
No. 

Soil  treatment  applied 

1903 
Wheat 

1804 
Wheat 

1905 
Wheat 

1906 
Wheat 

1907 
OaU 

10 
14 
16 

17 
26 
31 
3 

4 
17 

19 
20 

14 
20 
34 
3 

4 
26 
20 
21 

15 
18 
21 
5 

4 
19 
18 
19 

9 
IS 
20 

3 

2 

37 

12 

30 

6 

30 

9 

8 

Limefltone,  DitrogeD,  pho^iliorus,  potassium 

26 

7 

Hweet  clover,  eowpeas,  and  soybeans  are  worth  raising  not  only  because  of  their 
value  as  crops  bat  beeaose  of  their  power,  when  properly  inoculated  with 
nitrogen-fising  bacteria,  to  secure  nitrogen  from  tbe  atmosphere. 

In  order  to  secure  further  information  eoneeming  the  best  practice  in 
building  np  the  nitrogen  content,  another  experiment  with  pot  cultures  was 
conducted  for  several  years  with  tbe  same  kind  of  worn  hill  soil  as  that  used  for 
wheat  in  the  former  experiment.    The  results  are  reported  in  Table  12. 

To  three  pots  (Nob.  3,  6,  and  9)  nitrogen  was  applied,  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  tbe  crops  produced. 
In  three  other  pots  (Nos.  2,  11,  and  12)  a  crop  of  eowpeas  was  grown  during 
the  late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were  planted. 
Pots  1  and  8  served  for  important  comparisons.  After  the  second  cover  crop 
of  eowpeas  had  been  turned  under,  the  yield  from  Pot  2  exceeded  that  from 
Pot  3 ;  and  in  the  subsequent  years  the  green  manure  from  legumes  produced, 
as  an  average,  somewhat  better  results  than  the  commercial  nitrogen.  This  ex- 
periment confirms  the  previous  one  in  showing  the  very  great  need  for  nitrogen 
for  the  improvement  of  this  type  of  soil — and  it  also  shows  that  nitrogen  need 
not  be  purchased  but  that  it  can  be  obtained  from  the  air  by  growing  legume 
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crops  and  plowing  them  under  as  green  manure.  Of  course  the  soil  can  be 
very  markedly  improved  by  feeding  the  legume  crops  to  live  stock  and  return- 
ing the  resulting  farm  manure  to  the  land,  if  legumes  are  grown  frequently 
enough  and  if  the  farm  manure  produced  is  sufficiently  abundant  and  is  saved 
and  applied  with  care. 

It  may  not  be  advisable  in  all  cases  to  enrich  this  type  of  soil  in  phosphorus, 
for  with  erosion,  which  is  sure  to  occur  to  some  extent,  the  phosphorus  supply 
will  be  renewed  from  the  subsoil. 

Probably  the  best  legumes  for  this  t3rpe  of  soil  are  sweet  clover  and  alfalfa. 
On  soil  deficient  in  organic  matter,  sweet  clover  grows  better  than  almost  any 
other  legume,  and  the  fact  that  it  is  a  very  deep-rooting  plant  makes  it  of  value 
in  increasing  the  organic  matter  and  in  preventing  washing.  Worthless  slopes, 
where  the  land  has  been  ruined  by  washing,  may  be  made  profitable  as  pasture 
by  growing  sweet  clover.  The  blue  grass  of  pastures  may  well  be  supplemented 
by  sweet  clover  and  alfalfa,  and  a  larger  growth  obtained,  because  the  legumes 
provide  the  necessary  nitrogen  for  the  blue  grass. 

To  get  alfalfa  started  well  requires  the  liberal  use  of  limestone,  thoro  inocu- 
lation with  nitrogen-fixing  bacteria,  and  a  moderate  application  of  farm  manure. 
If  manure  is  not  available,  it  is  well  to  apply  about  500  pounds  per  acre  of  acid 
phosphate  or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if  possible,  and 
then  plow  it  under.  The  limestone  (about  5  tons)  should  be  applied  after 
plowing  and  should  be  mixed  with  the  surface  soil  in  the  preparation  of  the 
seed  bed.  The  special  purpose  of  this  treatment  is  to  give  the  alfalfa  a  quick 
start  in  order  that  it  may  grow  rapidly  and  thus  protect  the  soU  from  washing. 

DUNE  SAND 

In  1913  the  University  came  into  possession  of  a  tract  of  dune  sand  on 
terrace,  in  Henderson  county,  near  the  Mississippi  river,  upon  which  an  ex- 
periment field  was  laid  out  to  determine  the  needs  of  these  sand  soils.  This 
field  is  divided  into  six  series  of  plots.  Com,  soybeans,  wheat,  sweet  clover,  and 
rye,  with  a  catch  crop  of  sweet  clover  seeded  in  the  rye  on  the  residues  plots, 
are  grown  in  rotation  on  five  series,  while  the  sixth  series  is  devoted  to  alfalfa. 
When  sweet  clover  seeded  in  the  wheat  fails,  cowpeas  are  substituted. 

No  catch  of  alfalfa  or  of  sweet  clover  was  obtained  till  the  alfalfa  drill  was 
used  in  seeding.    This  covers  the  seed  about  one-half  inch  deep. 

Table  13  indicates  the  kinds  of  treatment  applied,  the  amounts  of  the  ma- 
terials used  being  in  accord  with  the  standard  practice,  as  explained  on  page  52. 

The  data  make  apparent  the  remarkably  beneficial  action  of  limestone  on 
this  sand  soil.  Where  limestone  has  been  used  in  conjunction  with  crop  residues, 
the  yield  of  com  has  been  doubled.  The  limestone  has  also  produced  a  fair  crop 
of  rye  and  excellent  crops  of  sweet  clover  and  alfalfa. 

This  land  appears  to  be  quite  indifferent  to  phosphorus  treatment.  The 
analysis  shows,  however,  that  the  stock  of  phosphorus  in  this  type  of  soil  is  not 
large,  and  it  may  develop  as  time  goes  on  and  the  supply  diminishes  along  with 
the  production  of  good-sized  crops,  that  the  application  of  this  element  will 
become  profitable. 
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Altho  the  results  show  an  increase  of  3.4  bushels  of  corn  from  the  use  of 
potassium  salts,  with  ordinary  prices  this  would  not  be  a  profitable  treatmeut. 
The  ,64  bushel  gain  in  sweet-clover  seed  is  the  average  of  two  crops  only,  and 
this  is  insufficient  data  upon  which  to  base  conclusions.  The  other  crops  all 
show  negative  results  from  the  potassium  application. 

Experience  thus  far  shows  rye  to  be  better  adapted  to  this  land  than  wheat, 
and  both  alfalfa  and  sweet  clover  thrive  better  than  soybeans.    With  these  two 


Tablm  13.— OOUAWKA  FIELD:    Ddnb  Sand,  Tkbbacb 
Average  Annual  Yields — BushelB  or  (tons)  per  acre 


Svial 

Soil 
treatment 
applied 

Com 

6  oropa 

beans' 
6  crops 

Wheat 

6  crops 

Sweet 
clover 
4  crops 

Rye 

4  crops 

AHalfa 
3  crops 

0  . 

14.3 
18.9 
23.4 
22.2 

(1-27) 
(1.20) 

6.4 
S.l 
9.7 
10. 1 

0 

0 
(1.20) 
(1.26) 

12,1 
13.3 
20.1 
19.5 

M^i 

4 

MLP 

(2.03) 

14.4 
16.2 
29.3 
29.3 
32.7 

3.5 
3.5 
6.6 
6.4 

6,0 

7.4 
8.1 
9.1 
10.4 
9  4 

2  crops   2  crops 
(    o"       0 

(     0)          0 
(1.47)       2.53 
(1.39)       2,20 

(1,53)       2,84 

13.7 
14.1 
23.2 
24.2 

23.7 

12) 

9 

R  PK 

(i:86) 

10 

0 

11.4 

(   .60) 

6.4 

(     0     ) 

10.6 

(  .06) 

>  In  1918  sweet  clover  nan  luun 
and  the  foUowUK  yields  obtained:  J 
11.V,  9.9, 14Al6i,  and  16.6"  "  ' 
m  Plot  10. 


killed  by  being  cut  for  hay.     Soybeans  were  Eeeded  on  these  ploM 

'     ""  1.10, 1.93,  and  2.00  tons  of  bay  per  acre  od  Plots  1  to  4; 

seed  per  acre  on  Plots  5  to  9;  and  .62  ton  of  bay  per  acre 
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legume  crops  thriving  so  well  under  this  simple  treatment,  we  have  promise 
of  tremendous  possibilities  for  the  profitable  culture  of  this  land,  which  hitherto 
has  been  considered  as  practically  worthless. 

Deep  Peat 

As  representing  the  deep  peat  type  of  soil,  the  results  are  introduced  from 
an  experiment  field  conducted  at  Manito  in  Mason  county  during  the  years 
1902  to  1905  inclusive. 

There  were  ten  plots  receiving  the  treatments  indicated  in  Table  14. 

The  results  of  the  four  years'  tests,  as  given  in  Table  14,  are  in  complete 
harmony  with  the  information  furnished  by  the  chemical  composition  of  peat 
soil.  Where  potassium  was  applied,  the  yield  was  from  three  to  four  times  as 
large  as  where  nothing  was  applied.  Where  approximately  equal  money  values 
of  kainit  and  potassium  chlorid  were  applied,  slightly  greater  yiel^?  were  ob- 
tained with  the  potassium  chlorid,  which,  however,  supplied  about  one-third 
more  potassium  than  the  kainit.  On  the  other  hand,  either  material  furnished 
more  potassium  than  was  required  by  the  crops  produced. 

The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no 
appreciable  increase  over  the  best  untreated  plots,  indicating  that  where  potas- 
sium is  itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 

Applications  of  2  tons  per  acre  of  ground  limestone  produced  no  increase 
in  the  com  crops,  either  when  applied  alone  or  in  combination  with  kainit, 
either  the  first  year  or  the  second. 

Reducing  the  application  of  kainit  from  600  to  300  pounds  for  each  two- 
year  period  reduced  the  yield  of  com  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  com  (grain  and  stalks). 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  between  the 
yield  of  Plot  9  (125.9  bushels)  and  the  yield  obtained  from  Plot  2  (42.9  bushels), 
the  poorest  untreated  plot. 


Table  14.— MANITO  FIELD:    Deep  Peat 
Com  Yields — ^Bushels 


Plot 
No. 

Soil  treatment 
for  1902 

Com 
1902 

Com 
1903 

Soil  treatment 
for  1904 

Com 
1904 

Com 
1905 

Four 
crops 

1 

None ; . . . . 

10.9 
10.4 

8.1 
10.4 

None 

17.0 
12.0 

12.0 
10.1 

48.0 

2 

None 

Limestone,  4000  lbs 

429 

3 

4 

5 

Kainit,  600  lbs 

J  Kainit,  600  lbs [ 

)Acidulat'dbone,3501b.f 
Potassium  chlorid, 
200  lbs 

30.4 
30  3 

31.2 

32.4 
33.3 

33.9 

$  Limestone,  4000  lbs. .  ( 

)  Kainit,  1200  lbs V 

f  Kainit,  1200  lbs I 

\  Steamed  bone,395  lbs.  f 
Potassium  chlorid, 
400  lbs 

49.6 
53.5 

48.5 

47.3 
47.6 

52.7 

159.7 
164.7 

166.3 

6 

Sodium  chlorid,  700  lbs. 

11.1 

13.1 

None 

24.0 

22.1 

70.3 

7 
8 
9 

Sodium  chlorid,  700  lbs. 

Kainit,  600  lbs 

Kainit,  300  lbs 

13.3 
36.8 
26  4 

14.5 
37.7 
25.1 

Kainit,  1200  lbs 

Kainit,  600  lbs 

Kainit,  300  lbs 

44.5 
44.0 
41.5 

47.3 
46.0 
32.9 

'i64.5 
125.9 

10 

None 

14. 9» 

14.9 

None 

26.0 

13.6 

69.4 

1  Estimated  from  1903;  no  yield  was  taken  in  1902  because  of  a  misunderstanding. 
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Fio.  6.--G0BN  DM  Baleioh  Field  in  1920 

Table  9  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  prom- 
inently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.  Also,  tbe 
results  are  unfavorable  for  the  application  of  limestone.  Limestone,  however, 
is  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  lUinoisan  glaciation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  out  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  com,  oats,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  10. 

The  outstanding  feature  of  these  results  is  the  effect  of  limestone.  Altho 
manure  alone  produces  a  substantial  increase,  especially  in  tbe  com  crop,  when 
limestone  is  added  a  remarkable  increase  is  found  in  all  crops.  A  most  im- 
portant fact  is  that  the  organic  matter  can  be  effectively  built  up  thru  the  use 
of  crop  residues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  under  this  "grain  system"  of  farming  as  where  manure  is 
used. 

Phosphorus  thus  far  has  given  only  moderate  returns  in  increased  crop 
yields,  but  with  an  increasing  quantity  of  organic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  will  show  up  more  favorably  on  sub- 
sequent crops.  As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
increase  of  5.4  bushels  of  com  in  the  residues  system,  the  beneficial  effect  has  not 
been  sufficient  to  justify  the  use  of  this  material. 
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Tablb  10.— RALEIGH  FIELD:  Ybllow-Grat  Silt  Loam,  Tucbbb  Soil;  Lowbr  Illinoisan 

Glaciation 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Serial 
plot 
No. 


1 
2 
3 

4 


5 
6 

7 
8 
9 


10 


Soil 

treatment 

applied 


0 

17.3 

M 

29.7 

ML 

40.0 

MLP 

41.2 

0 

17.3 

R 

20.1 

RL 

34.9 

RLP 

36.5 

RLPK 

41.9 

0 

19.6 

Com 
10  crops 


Oats 
10  crops 


11.6 


Wheat 
6  crops 


10.4 

5.8 

13.0 

7.7- 

20.0 

21.0 

20.3 

21.5 

10.3 

7.0 

12.8 

8.4 

21.5 

18.8 

22.7 

21.2 

23.6 

22.4 

6.5 


Clover 
4  crops 


.00) 
.00) 
;i.60)i 
(1.61)1 
(1.79P 


.01* 
.01* 
.10* 
.09* 
.12* 


(1.06) 


Soybeans 
4  crops 


2.3 
3.0 
5.8 
6.8 
6.0 


(  .57) 


K>ne  crop  only  (1920). 
'Average  of  two  crops. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
stone; while  the  Raleigh  field  represents  the  lower  Illinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recommendation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  applying  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  Tinder  the  discussion  of  limestone  on  page  43  of 
the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
on  other  fields  located  on  this  same  type  of  soil.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  try  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is  not  far  off  when 
pho^horus  will  become  a  limiting  element  to  crop  production,  and  the  wise 
farmer  will  watch  carefully  the  indications  and  be  ready  to  make  timely  pro- 
vision for  this  need. 


YELLOW  SILT  LOAM 

A  soil  fertility  experiment  field  on  yellow  silt  loam  is  located  at  Elizabeth- 
town,  in  the  southern  end  of  the  state^  but  this  field  has  not  been  in  operation  long 
enough  to  furnish  results  that  can  be  used. 


IN  RECX}GNinON 

Th«  SoU  Surrey  of  UUnolt  was  ofgiuiiMd  undar  the  •opciTMo^ 
late  Dr.  Cyril  G.  Hopklne.  Tbe  work  pfogreesed  for  eighteen  years  under 
hie  guidance  and  the  first  eighte^i  toll  reports  bear  his  name  as  senior 
author.  On  October  6, 1919^  Dr.  Hofridns  died  In  a  foreign  land  in  the  ienr- 
iceof  the  Americiui  Red  Cross*  Itis  the  purpose  to  carry  on  to  completloii 
this  great  work  of  the  Illinois  Soil  Surrey  In  tiie  spirit,  and  along  the  same 
general  plan  and  lines  6f  prooedurst  In  whi^  ft  was  begun. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vary  tremendously  in  their 
productive  power,  depending  upon  their  physical  condition,  their  chemical 
composition,  and  their  biological  activities.  For  any  comprehensive  plan  of  soil 
improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 
lands,  a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 
first  essential.  It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 
soil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 
description  and  for  mapping.  With  the  information  that  such  a  survey  affords, 
every  farmer  or  land  owner  of  the  siXrveyed  area  has  at  hand  the  basis  for  a 
rational  system  of  improvement  of  his  land.  At  the  same  time  the  Experiment 
Station  is  furnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 
gently to  base  plans  for  those  fundamental  investigations  so  necessary  for 
solving  the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement.  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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FORMATION 

McHenry  county  is  situated  in  the  northern  part  of  Illinois  about  18  miles 
west  of  Lake  Michigan.  It  lies  in  the  lowan  and  late  Wisconsin  glaciations,  the 
latter  covering  the  east  three-fourths  of  the  county.  It  has  an  area  of  609.5 
square  miles. 

During  the  Glacial  period,  snow  and  ice  accumulated  in  the  region  of  Labra- 
dor and  to  the  west  of  Hudson  Bay  to  such  an  extent  that  the  mass  pushed  out- 
ward from  these  centers,  chiefly  southward,  until  a  point  was  reached  where 
it  melted  as  rapidly  as  it  advanced.  In  moving  across  the  country  the  ice 
gathered  up  all  sorts  and  sizes  of  material,  including  clay,  silt,  sand,  gravel, 
small  and  large  boulders,  and  even  large  masses  of  rock.  Many  of  these  were 
carried  for  hundreds  of  miles  and  the  coarser  materials  were  rubbed  against 
surface  rocks  or  against  each  other  until  largely  ground  into  powder.  When, 
thru  the  melting  of  the  ice,  the  limit  of  advance  was  reached,  the  material  car- 
ried by  the  glacier  accumulated  in  a  broad,  undulating  ridge  or  moraine.  Much 
of  the  finer  material  was  carried  away  in  the  drainage  from  the  glacier  and 
deposited  on  level  outwash  plains  or  over  the  flood  plains  of  streams.  When  the 
ice  melted  more  rapidly  than  the  glacier  advanced,  the  terminus  of  the  glacier 
would  recede  and  the  material  would  be  deposited  somewhat  irregularly  over 
the  area  previously  covered.  This  is  known  as  the  ground  moraine,  or  inter- 
morainal  tract.  A  glacier  receded  and  advanced  a  number  of  times,  and 
with  each  advance  another  moraine  was  formed.  The  intermorainal  tracts  are 
now  occupied  chiefly  by  level,  undulating,  or  slightly  rolling  plains. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Granites,  limestones,  sandstones,  shales,  etc.,  were 
torn  from  their  lodging  places  by  the  tremendous  denuding  power  of  the  ice 
sheet  and  ground  up  together,  the  softer  rocks  disappearing  first.  A  pressure 
of  forty  pounds  per  square  inch  is  exerted  by  a  mass  of  ice  one  hundred  feet 
thick,  and  these  ice  sheets  were  hundreds  or  even  thousands  of  feet  in  thick- 
ness. The  materials  carried  along  in  the  ice,  especially  the  boulders  and  peb- 
bles, became  powerful  agents  for  grinding  and  wearing  away  the  surface  over 
which  the  ice  passed.  Preglacial  ridges  and  hills  were  rubbed  down,  valleys 
were  filled  with  the  debris,  and  the  surface  features  were  changed  entirely.  The 
mixture  of  material  deposited  by  the  glacier  is  known  as  boulder  clay,  till, 
glacial  drift,  or  simply  drift. 


*J.  G.  Mosier,  in  charge  of  soil  surrey  mapping;  R.  W.  Dickenson  and  H.  W.  Stewart,  in 
charge  of  field  party ;  E.  Van  Alstine,  in  charge  of  soil  analysis ;  H.  J.  Snider,  in  charge  of 
experiment  fields;    L.  H.  Smith,  in  charge  of  publications. 
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THE  GLACIATIONS  OF  McHBNRY  COUNTY 

The  first  glacier  to  cover  McHenry  county  was  the  Illinoisan,  which  covered 
all  of  Illinois  except  the  northwest  county,  the  southern  part  of  Calhoun  county, 
and  the  seven  southernmost  counties.  The  deposit  left  by  this  glacier  was  covered 
by  the  deposit  of  subsequent  glaciers,  and  therefore  does  not  form  the  surface  soil 
at  any  place  in  McHenry  county.  The  next  glacier  was  the  lowan,  which  cov- 
ered the  northeastern  part  of  the  state,  but  most  of  the  deposit  left  by  this  was 
also  covered  by  deposits  from  some  of  the  later  glaciers. 

Two  glaciations  form  the  present  surface  deposits:  the  lowan,  and  the  late 
Wisconsin.  The  lowan  occurs  in  the  western  part  of  the  county  and  covers  the 
larger  part  of  Town  46  North,  Range  5  East ;  the  west  half  of  Town  45  North, 
Range  5  East;  approximately  the  west  four  tiers  of  sections  in  Town  44  North ; 
and  a  small  area  in  the  southwest  part  of  the  county  in  Town  43  North,  Range  5 
East.  Without  doubt  the  early  Wisconsin  glacier  covered  part  of  McHenry 
county,  but  the  late  Wisconsin  has  buried  the  early  Wisconsin  drift  so  that  it 
cannot  be  distinguished.  The  late  Wisconsin  contains  a  very  extensive  morainic 
system  known  as  the  Valparaiso  moraine.  The  drift  in  the  county  is  rarely 
less  than  50  feet  in  thickness,  and  the  average  depth  is  not  less  than  200  feet. 

Large  areas  of  gravel  outwash,  formed  by  broad,  shallow,  swift  streams 
flowing  from  the  melting  glacier,  and  mapped  as  terraces,  are  found  in  the 
west  and  southwest  parts  of  the  county.  Another  large  area  occurs  to  the  south 
of  Hebron,  another  east  of  Spring  Grove,  and  still  another  south  of  Crystal 
Lake.  These  terraces  furnish  large  quantities  of  gravel  that  are  very  valuable 
for  road  material  and  concrete  work.  Much  of  the  area  of  the  county  is  cov- 
ered by  a  thin  layer  of  loessial  or  wind-blown  material. 

PHYSIOGRAPHY  AND  DRAINAGE 

.  The  county  varies  widely  in  topography,  the  terrace  and  swamp  lands  be- 
ing generally  level,  while  the  upland,  especially  that  of  the  late  Wisconsin 
glaciation,  is  decidedly  rolling.  The  variations  are  principally  due  to  the  ir- 
regular deposition  of  glacial  material  in  the  moraines.  The  morainic  areas  are 
characterized  by  a  peculiar  billowy  appearance  produced  by  the  large  number 
of  rounded  knobs,  and  kettle-holes,  or  basin-like  depressions,  that  vary  in  depth 
from  2  or  3  feet  to  50  feet  or  more  and  in  diameter  from  a  few  rods  to  20 
rods.  A  few  lakes  are  found,  the  largest  of  which  is  the  Pistakee,  which  extends 
over  from  Lake  county.  Some  rock  outcrop  occurs  in  the  western  part  of  the 
coTinty  along  the  Kishwaukee  river.  Many  swamps  are  found  all  over  the  county, 
and  the  kettle-holes  on  the  moraines  are  frequently  occupied  by  ponds.  The 
western  part  of  the  county  is  drained  by  the  Kishwaukee  and  its  tributaries, 
while  the  eastern  is  drained  by  the  Fox  river  and  the  Nippersink  creek. 

The  altitudes  of  some  places  in  McHenry  county  are  as  follows :  Alden,  964 
feet  above  sea  level;  Algonquin,  760;  Big  Foot  Prairie,  950;  Gary,  811 
Chemung,  877 ;  Coral,  875 ;  Coyne,  885 ;  Crystal  Lake,  922 ;  Greenwood,  820 
Harmony,  910;  Hartland,  924;  Harvard,  935;  Hebron,  931;  Huntley,  888 
Johnsburg,  790;  Lawrence,  896;  McHenry,  770;  Marengo,  819;  Richmond 
815 ;  Ridgefield,  928 ;  Ringwood,  837 ;  Solon  Mills,  792 ;  Spring  Grove,  781 
Terra  Cotta,  807;    Union,  836;   Woodstock,  916. 
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SOIL  MATERIAL  AND  SOIL  TYPES 

The  soils  of  the  lowan  glaciation  are  not  formed  from  the  glacial  drift  left 
by  that  glacier,  but  from  a  deposit  of  wind-blown  or  loessial  material  varying 
in  depth  from  3  to  8  feet.  The  area  covered  by  the  late  Wisconsin  glacier  does 
not  have  such  a  deep  deposit  of  loess,  and  in  some  cases  the  soil  was  formed 
directly  from  glacial  material.  Usually,  however,  the  glacial  material  is  not 
found  until  a  depth  of  18  to  24  inches  is  reached.  A  large  number  of  small 
areas  of  gravelly  loam  occur,  many  of  which  are  not  large  enough  to  be  shown 
on  the  map. 

In  general  the  glacial  material  of  these  moraines  contains  much  moi-e  gravel 
than  is  found  in  the  counties  to  the  south.  The  outwash  sand  and  gravel  plains 
have  been  covered  with  finer  material  to  a  depth  of  20  to  50  inches  and  con- 
stitute excellent  soils.    About  one-fourth  of  the  area  of  the  county  is  sivamp  and 
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bottom-land.    The  accunmlation  of  organic  matter  on  this  area  has  gone  on  to 
such  an  extent  that  the  soils  are  very  rich  in  this  constituent. 

The  soils  of  McHenrj  county  are  divided  into  the  following  classes  : 
(a)  Upland  Prairie  Soils, — These  are  rich  in  organic  matter.  This  land 
was  originally  covered  with  wild  prairie  grasses,  the  partially  decayed  roots  of 
which  have  been  the  source  of  the  organic  matter.  The  flat  prairie  land  con- 
tains a  higher  amount  of  this  constituent  than  the  undulating  or  rolling  prairie, 
because  the  grasses  and  roots  grew  more  luxuriantly  there,  and  being  saturated 
with  water  they  were  preserved  from  complete  decay. 


Table  1. — Sott  Ttpbs  of  McHbnrt  Countt,  Illinois 


Soil 


Name  of  type 


Percent 

of  total 

area 


(a)    Upland  Prairie  So 

ils  (700,  1000,  1200) 

•26 

Brown  silt  loam 

120.08 

28.24 

4.73 

76,851 

18,074 

3,027 

19.70 

-60 

Brown  sandv  loam 

4.63 

-90 

Gravelly  loam ^ 

.78 

153.05 

97,952 

25.11 

(b).    Upland  Timber  Soils  (700,  1000,  1200) 


-34 
-35 
-64 
-65 


Yellow-^ay  silt  loam . . . 

Yellow  Sit  loam 

Yellow-gray  sandy  loam. 
Yellow  sandy  loam 


130.04 
4.92 

43.82 
1.10 


179.88 


83,226 

3,149 

28,045 

704 


115,124 


21.34 

.81 

7.19 

.18 


29.52 


(c)    Terrace  Soils  (1500) 


1527 

1526.4 

1525 

1566 

1560.4 

1536 

1534.4 

1567 

1564.4 

1528 

1590 


Brown  silt  loam  over  gravel 

Brown  silt  loam  on  gravel 

Black  silt  loam 

Brown  sandy  loam  over  gravel 

Brown  sandy  loam  on  gravel 

Yellow-gray  silt  loam  over  gravel. . . 

Yellow-gray  silt  loam  on  gravel 

Yellow-gray  sandy  loam  over  gravel 
YeUow-gray  sandy  loam  on  gravel . . 
Brown-gray  silt  loam  on  tight  clay. . 
Gravelly  loam 


45.93 

6.81 

1.67 

8.41 

31.31 

13.85 

5.88 

1.37 

4.21 

.03 

1.00 


120.47 


29,395 

4,358 

1,069 

5,382 

20,039 

8,864 

3,763 

877 

2,694 

19 

640 


77,100 


7.54 

1.12 

.27 

1.38 

5.14 

2.27 

.96 

.22 

.69 

.004 

.16 


19.75 


(d)     Late  Swamp  and  Bottom-Land  Soils  (1400) 


1450 

1450.2 

1401 

1402.2 

1454 


Black  mixed  loam 

Black  mixed  loam  on  sand. 

Deep  peat 

Medium  peat  on  sand 

Mixed  loam 


104.45 

6.48 

36.74 

.78 

2.69 


151.14 


66,848 
4,147 

23,514 

499 

1,722 


96,730 


17.14 

1.06 

6.03 

.13 

.44 


24.80 


(e)     Miscellaneous 

Water 

4.21 

.77 

2,694 
493 

.69 

Gravel  pits 

.13 

4.98 

3,187 

.82 

Total  area 

609  52 

390,093 

ioo.oo_ 
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The  upland  prairie  soils  include  some  areas  of  recent  timber  growth  where 
certain  kinds  of  trees  have  spread  over  the  prairie,  but  this  f  orestation  has  not 
been  of  sufficient  duration  to  produce  the  characteristic  timber  soils.  These  areas 
of  greater  or  less  width  are  found  along  the  border  of  most  timber  tracts,  so 
that  the  timber  actually  extends  a  little  farther  than  the  soil  type  would  indicate. 

(b)  Upland  Timber  Soils. — These  include  a  large  part  of  the  upland  that 
was  formerly  covered  with  forests.  These  soils  contain  much  less  organic  matter 
than  the  prairie  soils  because  the  large  roots  of  dead  trees  added  but  little,  and 
the  surface  accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by 
forest  fires  or  suffered  almost  complete  decay.  The  timber  lands  are  divided 
chiefly  into  two  classes — the  undulating  and  the  hilly  areas. 

(c)  Terrace  Soils. — These  include  outwash  sand  and  gravel  plains,  bench 
lands  or  second  bottom  lands,  formed  by  deposition  from  overloaded  streams 
during  the  melting  of  the  glacier  and  subsequent  to  that  time.  Finer  deposits 
which  were  later  made  upon  the  coarse,  gravelly  material  now  constitute  the 
soil. 

(d)  Late  Swamp  and  Bottom^Land  Soils. — These  include  the  overflow 
lands,  or  flood  plains  of  streams,  and  the  very  poorly  drained  lowlands  where 
peats,  peaty  loams,  and  mucks  have  been  formed.  The  organic  matter  of  these 
soils  is  derived  largely  from  swamp  mosses  with  grasses  as  a  secondary  source. 

(e)  Miscellaneous. — This  includes  the  area  occupied  by  water,  rock  out- 
crops, and  gravel  pits. 

Table  1  shows  the  area  of  each  type  of  soil  in  McHenry  county  in  square 
miles  and  in  acres,  and  its  percentage  of  the  total  area.  The  accompanying  map 
shows  the  location  and  boundary  lines  of  the  various  types,  even  down  to  areas 
of  a  few  acres. 

For  explanations  concerning  the  classification  of  soils  and  the  interpreta- 
tion of  the  map  and  tables  the  reader  is  referred  to  the  first  part  of  the  Appen- 
dix to  this  report. 

INVOICE  OF  PLANT  FOOD  IN  McHENRY  COUNTY  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more 
extensive  types,  the  average  of  several  analyses.  These  analyses,  like  most 
things  in  nature,  show  more  or  less  variation,  but  for  general  purposes  the 
averages  may  be  considered  sufficient  to  characterize  the  soil  type.  • 

The  chemical  analysis  of  a  soil  by  the  methods  here  employed  gives  the 
invoice  of  the  total  stock  of  the  several  plant-food  materials  actually  present  in 
the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood  that  the 
rate  of  liberation,  as  explained  in  the  Appendix,  page  27,  is  governed  by  many 
factors. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon,  which  is  a  measure 
of  the  organic  matter,  and  the  total  quantities  of  nitrogen,  phosphorus,  sulfur, 
potassium,  magnesium,  and  calcium  contained  in  2  million  pounds  of  the  surface 
soil  (the  plowed  soil  of  an  acre  about  6%  inches  deep)  of  each  type  in  McHenry 
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county.  Because  of  the  inadequacy  of  information  furnished  by  mere  aver- 
ages with  respect  to  limestone  content  and  soil  acidity,  these  fignires  are  not 
included  in  the  tabulated  results.  For  a  more  complete  explanation  of  this 
point  see  note  in  the  tables. 

The  variation  among  the  different  types  of  soil  with  respect  to  the  content 
of  important  plant-food  elements  is  very  marked.  For  example,  the  deep  peat 
contains,  in  the  plowed  soil  of  an  acre,  nearly  30  times  as  much  nitrogen  as  does 
the  yellow-gray  sandy  loam.  Comparing  the  deep  peat  with  the  most  common 
type  in  the  county,  we  find  about  18  times  as  much  nitrogen  in  the  deep  peat  as 
in  the  yellow-gray  silt  loam,  while  on  the  other  hand  the  yellow-gray  silt  loam 
contains  about  18  times  as  much  potassium  as  is  found  in  the  deep  peat.  The 
supply  of  phosphorus  in  the  surface  soil  varies  from  580  pounds  per  acre  in  the 
yellow-gray  sandy  loam  to  3,380  pounds  in  the  mixed  loam.  A  sulfur  content 
of  5,500  pounds  per  acre  is  found  in  the  deep  peat,  while  in  the  yellow-gray 
sandy  loam  there  are  but  230  pounds  of  this  element.  The  magnesium  varies  in 
the  different  types  from  1,750  pounds  to  20,320  pounds,  and  the  calcium  content 
ranges  from  3,270  pounds  to  70,780  pounds  per  acre. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple  com- 
putations are  of  interest  in  this  connection.  Assume,  for  example,  that  a  four- 
field  crop  rotation  of  wheat,  com,  oats,  and  clover  yields  50  bushels  of  wheat 
per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover  hay.  It 
will  be  found  that  the  most  prevalent  upland  soil  of  McHenry  county,  the 
-  ellow-gray  silt  loam,  does  not  contain  enough  total  nitrogen  in  the  plowed  soil 
for  the  production  of  such  yields  to  supply  four  rotations.  With  respect  to 
phosphorus  the  condition  differs  only  in  degree,  this  soil  containing  no  more 
of  that  essential  element  than  would  be  required  for  ten  crop  rotations  yielding 
at  the  rates  suggested  above.  On  the  other  hand  the  amount  of  potassium  in 
the  surface  layer  of  this  common  soil  type  would  be  sufficient  for  more  than 
25  centuries  if  only  the  grain  were  sold,  or  for  more  than  400  years  if  the  total 
crops  should  be  removed  from  the  land  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant-food 
materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly 
'  emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements  of  fer- 
tility are  extremely  limited  when  measured  by  the  needs  of  large  crop  yields 
for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  subsoil  of  the  different  types  of  soil  in  McIIenry  county.  It  should  lie 
remembered,  however,  that  these  supplies  are  of  little  value  unless  the  top  soil 
is  kept  rich.  These  tables  also  show  great  stores  of  potassium  and  only  limi1o<l 
amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the  cor- 
responding surface  samples. 
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DESCRIPTION  OF  INDIVIDUAL  SOIL  TYPES 

(a)     UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  McHenry  county  cover  an  area  of  153.05  square 
miles,  or  25.11  percent  of  the  area  of  the  county.  They  are  usually  dark  in 
color,  owing  to  their  large  organic-matter  content.  The  accumulation  of  organic 
matter  in  the  prairie  soils  is  due  to  the  growth  of  prairie  grasses  that  once  cov- 
ered them.  The  network  of  roots  from  these  grasses  was  protected  from  com- 
plete decay  by  the  imperfect  aeration  resulting  from  the  covering  of  fine  soil 
material  and  from  the  water  it  contained.  On  the  native  prairies  the  tops  of 
these  grasses  were  usually  burned  or  decayed  almost  completely,  so  that  the 
tops  added  very  little  organic  matter  to  the  soil. 

Brown  Silt  Loam  (726,  1026,  1226) 

Brown  silt  loam,  covering  an  area  of  120.08  square  miles,  or  19.7  percent 
of  the  total  area  of  the  county,  is  one  of  the  most  extensive  types  in  McHenry 
county.  It  occupies  a  considerable  part  of  the  less  rolling  land,  some  of  which 
needs  artificial  drainage.  The  presence  of  kettle-holes  makes  complete  drainage 
rather  difficult,  with  the  result  that  many  small  ponds  are  found.  Small  local 
areas  of  yellow-gray  silt  loam,  sandy  loam,  gravelly  loam,  black  mixed  loam,  and 
peat,  too  small  to  be  shown  on  the  map,  are  included  in  the  type. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam,  varying  from  yellowish 
brown  on  the  more  rolling  areas  to  dark  brown  or  black  on  the  more  nearly  level 
and  poorly  drained  tracts.  In  physical  composition  it  varies  to  some  extent  but 
normally  contains  from  50  to  70  percent  of  the  different  grades  of  silt  In  the 
low  areas  the  proportion  of  clay  is  usuaUy  higher  than  on  the  more  rolling  parts, 
where  a  perceptible  amount  of  sand  may  occur.  The  organic-matter  content  is 
somewhat  variable  but  averages  approximately  4.2  percent,  or  42  tons  per  acre. 
The  content  is  lower  on  the  more  rolling  areas  and  higher  on  the  more  level 
parts.  Where  considerable  erosion  has  occurred  on  the  steep  slopes  of  moraines, 
the  type  is  mapped  as  yellow-gray  silt  loam  although  timber  may  never  have 
grown  there. 

The  natural  subsurface  is  represented  by  a  stratum  varying  from  6  to  20 
inches  in  thickness.  This  variation  is  due  to  differences  in  topography  and  to 
erosion,  the  stratum  being  thinner  on  the  more  rolling  areas.  Less  organic  matter 
has  accumulated  on  these  areas  than  on  the  more  level  tracts  and  it  disappears 
more  rapidly  with  depth.  In  physical  composition  the  subsurface  varies  in  the 
same  manner  as  the  surface,  but  normally  contains  a  slightly  larger  amount  of 
clay  and  a  smaller  amount  of  organic  matter.  The  organic-matter  content  of 
the  stratum  sampled  (6%  to  20  inches)  averages  about  2.2  percent,  varying  from 
1.8  to  2.8  percent.  In  color  the  subsurface  varies  from  dark  brown  to  light 
yellowish  brown,  becoming  lighter  with  depth. 

The  natural  subsoU  begins  at  a  depth  of  12  to  20  inches  and  extends  to  an 
indefinite  depth,  but  for  analysis  it  is  sampled  to  a  depth  of  40  inches.  It  varies 
from  a  yellow  to  a  drabbish  yellow  clayey  material  usually  made  up  of  glacial 
drift.  In  some  of  the  flat  areas,  however,  where  material  has  washed  in  from 
the  surrounding  parts,  the  drift  is  not  reached  at  a  depth  of  40  inches.    In  some 
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places  the  stratum  of  glacial  gravel  beneath  the  loessial  material  is  very  evident 
and  interferes  in  the  collecting  of  samples. 

Treatment. — ^Altho  brown  silt  loam  is  fairly  well  supplied  with  organic 
matter,  continuous  cropping  and  the  removal  of  practically  all  the  crop  residues 
will  gradually  reduce  the  amount  until  this,  with  its  nitrogen,  becomes  the 
limiting  factor  in  crop  yields.  On  many  farms  or  on  parts  of  farms,  this 
condition  has  already  been  reached. 

In  the  management  of  this  type,  it  is  essential  that  manure  or  crop  residues, 
including  legumes,  should  be  returned  to  the  soil  in  the  most  practical  and 
advantageous  way.  No  form  of  organic  matter  should  be  burned.  In  live-stock 
farming  the  manure  should  be  applied  to  the  soil  as  soon  as  possible  after  it  is 
produced,  in  order  to  avoid  loss.  Limestone  and  phosphorus  should  usually  be 
applied  to  soil  of  this  type.  For  results  secured  in  field  experiments  on  brown 
silt  loam,  see  page  38  of  the  Supplement. 

Brown'Sandy^Loam  (960,  1060) 

Brown  sandy  loam  occurs  principally  in  the  southern  part  of  the  county 
and  covers  an  area  of  28.24  square  miles,  or  4.63  percent  of  the  total  area  of  the 
county.  The  sand  of  the  type  is  derived  very  largely  from  glacial  material. 
The  type  varies  in  topography  from  almost  flat  to  decidedly  rolling. 

The  surface  soil,  0  to  6%  inches,  consists  of  a  brown  sandy  loam  varying  in 
color  from  a  light  or  yellowish  brown  to  a  dark  brown  or  even  to  a  black.  The 
sand  content  varies,  being  most  abundant  in  the  small  patches  that  have  been 
produced  largely  by  the  action  of  the  wind.  The  organic-matter  content  is  about 
3  percent,  or  30  tons  per  acre. 

The  subsurface,  6%  to  18  or  20  inches,  consists  of  a  brown  to  a  yellowish 
brown  sandy  loam  varying  in  the  same  manner  as  the  surface  soil.  The  organic- 
matter  content  is  about  1.9  percent,  or  38  tons  per  acre. 

The  svibsoU  is  variable,  in  some  places  being  made  up  of  boulder  clay  while 
in  others  it  is  a  yellowish  sand,  a  clayey  sand,  or  a  sandy  clay. 

Treatment. — ^In  general  the  type  is  sufficiently  rolling  for  good  drainage. 
It  requires  for  its  improvement  the  large  use  of  organic  matter,  applied  both 
as  manure  and  as  crop  residues.  This  soil,  being  loosfe  and  better  aerated  than 
brown  silt  loam,  suffers  greater  loss  of  organic  matter  by  oxidation;  hence 
greater  difficulty  is  experienced  in  maintaining  the  necessary  supply.  Crop 
residues,  legume  crops,  and  manure  must  constitute  the  chief  materials  by  which 
the  organic  matter  is  maintained.  Ground  limestone  should  usually  be  applied 
at  the  rate  of  about  2  or  3  tons  per  acre.  These  applications  should  be  made 
frequently' enough  to  keep  a  supply  in  the  soil,  but  need  not  be  made  oftener 
than  every  four  or  five  years.  Sometimes  the  subsurface  is  well  stocked  with 
limestone  in  which  case  the  supply  will  be  easy  to  maintain. 

Gravelly  Loam  (790,  1090) 

Gravelly  loam  usually  occurs  in  small  areas  and  is  fairly  well  distributed 
over  the  county,  altho  none  is  found  in  the  lowan  glaciation.    The  type  covers 
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an  area  of  3,027  acres.    It  is  of  very  little  importance  from  an  agricultural 
standpoint,  being  adapted  only  for  a  low  grade  of  pasture  land. 

(b)     UPLAND  TIMBER  SOILS 

The  upland  timber  soils  are  deficient  in  organic  matter  owing  to  the  fact 
that  in  forests  the  vegetable  material  from  trees  accumulates  upon  the  surface 
and  is  either  burned  or  suffers  almost  complete  decay.  Grasses,  which  furnish 
large  amounts  of  humus-forming  roots,  do  not  grow  to  any  extent.  Moreover, 
the  organic  matter  that  had  accumulated  before  the  timber  began  growing  is 
removed  thru  various  decomposition  processes,  with  the  result  that  in  these  soils 
generaUy  the  nitrogen  and  organic-matter  contents  have  become  too  low  for  the 
best  growth  of  farm  crops.  The  total  area  of  upland  timber  soils  in  the  county 
is  179.88  square  miles,  or  29.52  percent  of  the  area  of  the  county. 

YcUow-Gray  Silt  Loam  (734,  1034,  1234) 

Yellow-gray  silt  loam  is  the  most  extensive  soil  type  in  McHenry  county, 
covering  an  area  of  130.04  square  miles,  or  21.34  percent  of  the  total  area  of 
the  county.  While  this  type  is  confined  chiefly  to  the  more  rolling  parts  of  the 
moraines,  it  is  also  found  irregularly  distributed  over  other  parts  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  or  yellowish  gray  silt  loam, 
incoherent  and  mealy,  but  not  granular.  It  varies  greatly  in  physical  compo- 
sition, owing  to  the  fact  that  in  many  places  the  thin  covering  of  loess  has  been 
removed  by  erosion  and  a  variable  drift  exposed.  There  are  many  local  areas 
of  sand  or  gravelly  loam,  but  they  are  too  small  to  be  shown  on  the  map.  Like- 
wise, there  are  many  small  areas  of  black  mixed  loam  or  black  silt  loam  too  small 
to  be  indicated  on  the  map,  that  are  found  in  kettle-hole  depressions.  The 
amount  of  organic  matter  in  the  surface  stratum  varies  from  1.3  to  2.1  percent, 
with  an  average  of  about  1.8  percent,  or  18  tons  per  acre.  In  some  places  erosicm 
has  reduced  the  content  of  organic  matter  much  below  the  point  of  productive- 
ness, and  many  small  areas  are  decidedly  yellow  in  color.  On  many  of  the 
steeper  slopes  much  gravel  and  even  small  boulders  are  found. 

The  natural  subsurface  varies  from  3  to  10  inches  in  thickness,  being 
thinner  on  the  more  rolliilg  areas.  In  color  it  is  gray,  grayish  yellow,  or  yellow. 
It  is  somewhat  pulverulent,  but  becomes  more  coherent  and  plastic  with  depth. 
The  organic-matter  content  is  about  .8  percent,  or  16  tons  per  acre  in  four 
million  pounds  of  soil. 

The  svisoil  is  usually  a  yellow  to  a  grayish  yellow  boulder  clay.  On  the 
more  level  areas,  however,  the  boulder  clay  may  not  be  reached  within  40  inches 
of  the  surface.  The  deeper  subsoil  frequently  contains  large  amounts  of  lime- 
stone, as  shown  by  the  brisk  effervescence  when  the  hydrochloric  acid  test  is 
applied. 

Treatment. — In  the  management  of  yellow-gray  silt  loam,  one  of  the  essential 
points  is  the  maintenance  or  increase  of  organic  matter.  This  is  even  more 
necessary  with  this  type  than  with  brown  silt  loam*,  because  this  soil  is  naturally 
much  more  deficient  in  that  constituent.  The  organic  matter  tends  to  prevent 
"running  together,"  and  on  some  of  the  more  rolling  areas  lessens  the  washing. 
It  gives  better  tilth  to  the  soil  under  all  conditions.  As  it  decays,  it  supplies 
nitrogen  and  tends  to  liberate  other  plant  food,  as  explained  in  the  Appendix. 


I9il]  McHenbt  Countt  13 

For  adding  organic  matter  to  the  soil  the  extensive  use  of  the  clovers,  alfalfa, 
or  other  legumes  is  advised.  These  should  be  returned  either  directly  to  the 
soil  along  with  crop  residues,  or  in  the  manure  produced  in  their  consumption. 

Because  of  the  fact  that  in  this  type  of  soil  in  McHenry  county  carbonates 
are  usually  found  in  abundance  in  the  subsoil  and  are  sometimes  present  in  the 
subsurface,  it  is  difficult  to  prescribe  a  definite  recommendation  for  the  applica- 
tion of  limestone  that  will  apply  to  all  locations.  However,  for  the  thrifty  growth 
of  such  legumes  as  sweet  clover  and  alfalfa  limestone  should  be  present  in  the 
surface  soil  in  order  to  give  the  young  plants  a  vigorous  start.  Therefore  a 
moderate  application  of  limestone,  say  2  tons  per  acre,  ought  to  prove  profitable 
on  all  land  of  this  type,  and  in  some  situations  perhaps  more  than  this  amount 
could  be  applied  to  advantage,  depending  upon  the  depth  to  the  naturally 
existing  limestone. 

Ultimately,,  for  the  best  results  in  crop  production  the  phosphorus  content 
will  need  to  be  increased. 

For  results  from  practical  field  experiments  on  yellow-gray  silt  loam,  see 
page  46  of  the  Supplement. 

Yellow  Silt  Loam  (735,  1035) 

Yellow  silt  loam  occurs  principally  along  the  Fox  river  in  Town  43  North, 
Range  8  East,  and  in  the  northeast  part  of  Town  44  North,  Range  7  East.  The 
type  covers  3,149  acres,  or  less  than  one  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  or  yellowish  gray  silt  loam, 
which  usually  contains  some  sand  or  gravel.  This  stratum  is  frequently  formed 
from  glacial  drift,  the  loess  having  been  removed  by  erosion.  Owing  to  its  de- 
rivation it  varies  a  great  deal  in  physical  composition.  The  organic-matter  con- 
tent is  about  2.3  percent,  or  23  tons  per  acre. 

The  natural  subsurface  varies  from  3  to  10  inches  in  thickness  and  is  com- 
posed chiefly  of  a  yellow  or  yellowish  gray  silt  loam,  but  may  vary  from  this 
to  boulder  clay  and  even  to  a  very  gravelly  form  of  boulder  clay.  The  organic- 
matter  content  of  the  stratum  sampled  (6%  to  20  inches)  is  about  .9  percent. 

The  subsoil  is  made  up  of  boulder  clay,  with  about  .4  percent  of  organic 
matter. 

Treatment, — One  of  the  best  uses  to  which  this  type  can  be  put  is  perma- 
nent pasture.  As  a  rule,  it  cannot  be  satisfactorily  cropped  in  ordinary  rota- 
tions but  it  may  be  used  very  successfully  for  long  rotations  with  pasture  or 
meadow  much  of  the  time.  Where  limestone  is  naturally  lacking  in  the  upper 
portion  of  the  soil,  this  material  may  well  be  used  for  the  legumes  in  the  rota- 
tion, or  even  as  a  top  dressing  to  encourage  their  growth  in  pastures.  Where 
this  type  has  been  long  cultivated  and  thus  exposed  to  surface  washing,  it  is 
particularly  deficient  in  nitrogen.  Indeed,  on  such  land  the  low  supply  of 
nitrogen  is  the  factor  that  first  menaces  the  growth  of  grain  crops.  Nitrogen 
is  to  be  obtained  from  the  air  thru  the  growth  of  leguminous  crops. 

Yellow-Gray  Sandy  Loam  (764,  1064) 

Yellow-gray  sandy  loam  occurs  in  many  irregular  areas  all  over  the  county. 
The  total  area  covered  by  this  type  is  43.82  square  miles,  or  7.19  percent  of 
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the  area  of  the  county.  Its  topography  is  about  the  same  as  that  of  the  yellow- 
gray  silt  loam,  and  it  occurs  on  morainal  areas  somewhat  similar  to  that  type. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  or  yellowish  gray  sandy  loam, 
varying  rather  widely  in  its  physical  composition.  In  some  localities  it  con- 
tains a  considerable  percentage  of  gravel,  sufiGicient  in  many  cases  to  form  a 
gravelly  loam,  but  the  areas  are  too  small  to  be  shown  on  the  map.  The  or- 
ganic-matter content  is  approximately  1.2  percent,  or  12  tons  per  acre. 

The  natural  subsurface  is  represented  by  a  stratum  from  4  to  10  inches  in 
thickness.  It  varies  in  physical  comi>osition  the  same  as  the  surface,  except  that 
it  contains  more  gravel.  It  is  frequently  formed  from  the  glacial  drift.  The 
stratum  sampled  (6%  to  20  inches)  contains  about  .8  percent  of  organic  matter. 

The  subsoil  is  made  up  of  glacial  drift  and  contains  about  .4  percent  of 
organic  matter.  The  surface  and  subsurface  are  usually  acid,  altho  the  subsoil 
sometimes  contains  a  considerable  amount  of  limestone. 

Treatment. — ^Where  clover  continues  to  fail  on  this  type,  applications  of  2 
tons  of  ground  limestone  can  well  be  made  for  the  purpose  of  increasing  the 
growth  of  legumes.  The  content  of  organic  matter  and  of  nitrogen  must  be 
largely  increased,  since  this  type  is  one  of  the  lowest  in  organic  matter  found 
in  the  county.  The  phosphorus  content  is  very  low  and  should  therefore  be 
built  up  in  order  to  obtain  the  best  results.  Sweet  clover  is  an  excellent 
crop  to  grow  on  this  type  because  of  the  large  amount  of  organic  matter  that 
it  supplies. 

Yellow  Sandy  Loam  (1065) 

YeUow  sandy  loam  occurs  in  the  very  rolling  and  sandy  area  of  the  county. 
It  occupies  704  acres. 

The  surface  soil,  0  to  6%  inches,  is  in  the  main  a  yellow  sandy  loam  altho 
it  varies  considerably  in  physical  composition,  in  places  containing  some  gravel. 
The  type  contains  a  larger  amount  of  organic  matter  than  does  the  yellow-gray 
sandy  loam  because  of  the  fact  that  it  has  never  been  under  cultivation.  The 
organic-matter  content  is  2.4  percent,  or  twice  the  amount  present  in  the  pre- 
ceding type. 

The  subsurface  also  varies  in  physical  composition,  being  rather  gravelly 
in  some  places. 

The  subsoil  corresponds  in  physical  composition  to  the  surface  and  sub- 
surface. 

Treatment. — This  type  is  adapted  only  to  pasture,  and  legumes  should  be 
grown  on  it.  Sweet  clover  is  probably  one  of  the  best  plants  for  the  purpose. 
Limestone  is  likely  to  be  beneficial. 

(c)     TERRACE  SOILS 

Terrace  soils  usually  occur  along  streams.  They  were  formed  at  a  time 
when  the  streams,  owing  to  melting  glacier  ice,  were  much  larger  than  they  are 
at  present,  and  carried  large  amounts  of  coarse  material,  such  as  sand  and 
gravel.  Upon  any  decrease  in  their  velocity,  these  overloaded  streams  deposited 
debris  along  their  courses.  This  resulted  in  the  partial  filling  of  the  valley  and 
the  formation  of  what  are  now  the  terraces,  bench  lands,  or  second  bottom  lands. 


Hftl]  MoHenet  Countt  15 

Finer  material  later  deposited  over  this  sand  and  gravel  forms  the  present  soil. 
When  the  streams  became  reduced  to  their  normal  size  aiter  the  glacier  had 
melted,  they  began  cutting  down  thru  this  deposit,  and  the  beds  of  the  streams 
are  now  so  low  that  the  terraces,  or  benches,  do  not  overflow. 

Several  gravel  outwash  plains  occur  which  were  formed  by  the  sand  and 
gravel  that  was  deposited  when  water  from  the  melting  ice  spread  over  large 
level  areas.  These  plains  were  later  covered  by  the  finer  miaterial  which  forms 
the  present  soil. 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  occurs  in  four  large  areas  in  the  county,  one 
near  Hebron,  one  near  Harvard,  one  north  of  Franklinville,  and  the  other  just 
west  of  Eush  creek.  The  type  covers  45.93  square  miles,  or  7.54  percent  of  the 
area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  brown  to  a  very  dark  brown 
silt  loam  which  frequently  contains  some  sand,  altho  not  enough  to  cause  it  to 
be  classified  as  a  sandy  loam.  While  the  topography  is  usually  flat,  some  slight 
undulations  occur  which  were  probably  produced  by  the  channels  of  the  flooded 
streams.  The  surface  soil  contains  about  5  percent  of  organic  matter,  or  50  tons 
per  acre.    It  varies  from  4  to  6.5  percent. 

r^e  natural  subsurface  stratum  varies  from  7  to  16  inches  in  thickness.  The 
organic-matter  content  of  the  stratum  as  sampled  (6%  to  20  inches)  is  about 
2.3  percent,  or  46  tons  per  acre.  In  physical  composition  it  is  about  the  same 
as  the  surface. 

The  suhsoU  is  a  yellow  to  a  mottled  yellow  silt  loam  with  somje  gravel  ap- 
pearing in  the  deeper  subsoil.  The  depth  to  gravel,  however,  varies  from  36 
to  54  inches  or  more. 

Treatment. — ^All  strata  are  pervious  to  water,  so  that  drainage  is  very  good, 
provided  a  sufficient  outlet  is  obtained.  The  gravel  is  so  far  from  the  surface 
that  crops  do  well  even  in  years  of  some  drouth.  This  is  one  of  the  best  of  the 
terrace  types.  In  the  improvement  of  this  type,  limestone,  phosphorus,  and 
organic  matter  should  be  provided  as  recommended  for  the  brown  silt  loam  of 
the  upland  (see  page  11). 

Brown  Silt  Loam  on  Gravel  (1526.4) 

Brown  silt  loam  on  gravel  represents  a  type  in  which  the  fine  soil  material 
is  less  than  30  inches  in  thickness,  or  in  which  the  gravel  is  within  30  inches  of 
the  surface.  The  principal  areas  are  found  in  the  broad  valleys  of  Rush  creek 
and  the  north  branch  of  the  Kishwaukee.  The  total  area  is  4,358  acres,  or  1.12 
percent  of  the  area  of  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  containing  some  sand. 
Organic  matter  is  present  to  the  amount  of  about  4.8  percent,  or  48  tons  per 
acre. 

The  natural  subsurface  stratum  varies  from  8  to  12  inches  in  thickness,  and 
is  a  brown  to  light  yellowish  brown  silt  loam  containing  gravel  which  in  some 
cases  amoxmts  to  as  much  as  5  percent.  The  organic-matter  content  of  the 
stratum  sampled  (6%  to  20  inches)  is  about  2.6  percent,  or  52  tons  in  four 
million  pounds  of  soiL 
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The  subsoil  is  about  the  same  as  the  subsurface  until  gravel  is  reached.  The 
gravel  consists  of  a  mixture  of  fine  gravel  and  sand  with  some  of  the  finer  soil 
constituents. 

Treatment, — This  soil  type  is  well  drained,  but  because  of  the  nearness  of 
gravel  to  the  surface  it  does  not  resist  drouth  well.  For  this  reason  early  matur- 
ing crops  are  desirable.  In  the  management  of  the  type  care  must  be  taken  to 
maintain  the  supply  of  organic  matter,  since  this  constituent  is  so  important  in 
the  conservation  of  moisture.  An  application  of  2  or  3  tons  per  acre  of  lime- 
stone is  recommended  in  order  that  clover  or  alfalfa  may  be  grown. 

Black  Silt  Loam  (1525) 

Black  silt  loam  occurs  in  the  lower  and  more  poorly  drained  parts  of  the 
terrace.  Either  the  gravel  is  so  deep  or  the  outlet  is  so  poor  that  drainage  does 
not  take  place  readily.    The  type  covers  an  area  of  1,069  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  black  silt  loam  becoming  in  some  cases 
so  heavy  as  to  form  a  black  clayey  silt  loam.  It  contains  about  10.5  percent  of 
organic  matter,  or  105  tons  per  acre. 

The  natural  subsurface  soil  is  a  black  clayey  silt  loam  and  extends  to  a 
depth  of  18  to  20  inches.  The  stratum  sampled  (6%  to  20  inches)  contains 
approximately  2.8  percent  of  organic  matter. 

The  suisoU  is  represented  by  a  clayey  stratum  varying  in  color  from  a  pale 
yellow  to  a  drabbish  yellow.    It  contains  about  .5  percent  of  organic  matter. 

Treatment, — All  strata  are  pervious  to  water  so  that  drainage  is  effected 
very  readily  when  proper  tiling  is  done.  In  the  management  of  this  type  about 
the  only  consideration  at  present  is  the  maintenance  of  good  physical  condition 
by  means  of  active  organic  matter.  Usually  a  good  supply  of  phosphorus  and 
limestone  is  present. 

Brown  Sandy  Loam  over  Gravel  (1566) 

Brown  sandy  loam  over  gravel  is  found  principally  in  the  south  third  of 
the  county.  It  covers  an  area  of  8.41  square  miles  or  5,382  acres.  The  topography 
is  flat  to  slightly  undulating. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  with  about  2.9 
percent  of  organic  matter,  or  29  tons  per  acre. 

The  subsurface  is  a  brown  sandy  loam  containing  about  1.9  percent  of  or- 
ganic matter.  In  physical  composition  it  is  practically  the  same  as  the  surface 
soil,  but  it  becomes  yellow  at  about  16  to  18  inches*. 

The  stibsoU  is  a  yellow  sandy  silt  which  in  some  cases  becomes  gravelly  at 
36  inches. 

Treatment, — The  very  low  nitrogen  content,  which  is  characteristic  of  a 
sandy  soil,  calls  for  the  liberal  use  of  legume  crops;  and  the  chemical  analysis 
indicates  the  need  of  limestone  in  order  to  insure  a  thrifty  growth  of  the  legumes. 
An  application  of  about  2  tons  per  acre  of  pfround  limestone  is  suggested.  The 
phosphorus  content  is  also  low  and  doubtless  as  times  goes  on,  under  a  system 
that  produces  larger  crops,  phosphorus  will  become  a  limiting  element  that  will 
need  to  be  replenished. 
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Brown  Sandy  Loam  on  Gravel  (1560.4) 

Brown  sandy  loam  on  gravel  occurs  very  largely  in  the  southern  part  of 
the  county  in  the  vicinity  of  Marengo.  Another  large  area  occurs  south  of 
Crystal  Lake.  The  type  covers  an  area  of  31.31  square  miles,  or  5.14  percent 
of  the  area  of  the  county.    The  topography  is  flat. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  sandy  loam  varying  in  sand 
content  and  containing  from  2  to  3  percent  of  gravel.  The  organic-matter  con- 
tent averages  2.5  percent. 

The  subsurface  stratum  contains  about  1.7  percent  of  organic  matter  and 
a  noticeable  amount  of  gravel. 

The  gravel  subsoil  begins  at  a  depth  of  16  to  28  inches  and  consists  of  a 
mixture  of  coarse  sand  and  fine  gravel.  Comparatively  small  amounts  of  the 
finer  soil  constituents  are  present  in  this  gravel.  The  nearness  of  gravel  to 
the  surface  reduces  the  moisture-holding  capacity  of  this  type,  with  the  result 
that  crops  may  suffer  from  drouth. 

Treatment — The  type  is  sometimes  acid  in  the  upper  strata  but  occasionally 
the  subsoil  contains  a  considerable  amount  of  limestone.  In  the  management 
of  this  soil  the  same  recommendations  apply  as  those  given  in  the  discussion  of 
the  preceding  type. 

Yellow-Gray  Silt  Loam  over  Gravel  (15i36) 

Yellow-gray  silt  loam  over  gravel  is  found  in  various  parts  of  the  county 
but  more  particularly  along  the  lower  Fox  river,  in  the  lowan  glaciation  in  the 
northwest  part  of  the  county,  and  in  Towns  45  and  46  North,  Range  7  East. 
The  total  area  is  13.85  square  miles. 

The  surface  soil,  0  to  6%  inches,  is  a  brownish  yellow  or  grayish  yellow  silt 
loam,  verging  toward  yellow  sandy  loam  in  some  localities.  The  organic-matter 
content  averages  2.4  percent,  or  24  tons  per  acre. 

The  natural  subsurface  is  a  stratum  of  a  yellowish  or  grayish  yellow  color. 
It  varies  from  8  to  10  inches  in  thickness.  The  organic-matter  content  of  the 
stratum  sampled  (6%  to  20  inches)  is  about  .8  percent. 

The  subsoil  is  a  yellow  silt  to  clayey  silt. 

Treatment. — The  nitrogen  in  this  soil  is  very  low,  and  methods  looking 
toward  its  replenishment  should  be  adopted  at  once.  Applications  of  limestone 
amounting  to  2  or  3  tons  per  acre  should  be  made,  and  this  material  will  prob- 
ably need  to  be  replenished  every  four  or  five  years  in  order  to  encourage  the 
growth  of  legumes.  The  organic-matter  content  should  be  maintained  by  turn- 
ing under  crop  residues  and  all  forms  of  available  organic  material.  The  phos- 
phorus supply  also  is  insufficient  and  in  the  course  of  time,  if  not  immediately, 
this  element  should  be  applied. 

Yellow-Gray  Silt  Loam  on  Gravel  (1534.4) 

Yellow-gray  silt  loam  on  gravel  is  found  widely  distributed  thruout  the 
county,  but  covers  a  total  area  of  only  5.88  square  miles. 

The  surface  soU,  0  to  6%  inches,  is  a  broAviiish  yellow  or  yellowish  gray  silt 
loam  containing  about  2.3  percent  of  organic  matter. 
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The  subsurface  is  represented  by  a  stratum  from  7  to  10  inches  in  thick- 
ness. The  organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches) 
is  about  .9  percent. 

The  subsoil  is  a  yellowish  clayey  silt  which  in  some  cases  passes  into  gravel 
at  30  to  38  inches. 

Treatment. — This  soil  is  similar  in  composition  to  that  of  the  preceding  type. 
It  is  low  in  organic  matter,  nitrogen,  and  phosphorus,  and  limestone  is  absent. 
In  order  to  improve  it,  therefore,  an  application  of  2  or  3  tons  of  limestone  per 
acre  should  be  made,  and  legumes  should  be  grown  either  to  be  turned  back  into 
the  soil  directly  or  to  be  fed  to  stock  and  the  manure  applied.  The  phosphorus 
content  should  be  increased  by  applying  from  ^^  to  1  ton  per  acre  of  raw  rock 
phosphate  in  a  four-  or  five-year  rotation. 

Yellow-Gray  Sandy  Loam  over  Gravel  (1567) 

Yellow-gray  sandy  loam  over  gravel  is  found  principally  along  the  Pox 
river.    It  covers  an  area  of  877  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  gray  to  grayish  yellow  sandy  loam 
with  about  1.9  percent  of  organic  matter,  or  19  tons  per  acre. 

The  natural  subsurface  consists  of  a  yellow  sandy  loam  varying  from  6  to  10 
inches  in  thickness.  The  organic-matter  content  of  the  stratum  sampled  (6%  to 
20  inches)  is  approximately  .8  percent. 

The  subsoil  varies  from  a  yellow  sandy  silt  to  a  yellow  sand.  The  former  is 
much  more  common  than  the  latter. 

Treatment. — The  type  is  rather  low  in  several  elements  of  plant  food. 
Legumes  should  be  grown  in  order  to  increase  the  nitrogen,  as  the  chemical 
analysis  shows  the  total  amount  of  this  element  to  be  less  than  2,000  pounds  in 
the  plowed  soil.  The  subsoil  usually  contains  a  considerable  amount  of  lime- 
stone ;  but  since  this  material  is  lacking  in  the  surface  and  subsurface,  an  appli- 
cation of  about  2  tons  per  acre  is  recommended.  The  phosphorus  supply  is  like- 
wise very  meagre,  and  before  this  becomes  a  limiting  element  it  should  be  in- 
creased by  applications  of  a  half  ton  or  more  of  raw  rock  phosphate  to  the  acre 
every  four  or  five  years. 

Yellow-Gray  Sandy  Loam  on  Gravel  (1564.4) 

Yellow-gray  sandy  loam  on  gravel  occurs  in  various  parts  of  the  county,  but 
not  in  any  large  areas.  It  is  always  mixed  more  or  less  with  other  types.  The 
total  area  amounts  to  2,694  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  or  grayish  yellow  sandy  loam 
containing  about  1.8  percent  of  organic  matter,  or  18  tons  per  acre. 

The  natural  subsurface  soil  is  represented  by  a  stratum  6  to  10  inches  in 
thickness.  The  stratum  sampled  (6%  to  20  inches)  contains  about  .9  percent  of 
organic  matter. 

The  subsoU  is  a  yellowish  sandy  silt  which  passes  into  gravel  at  a  depth  of 
18  to  26  inches. 

Treatment. — This  soil,  as  is  characteristic  of  a  sandy  loam,  is  very  low  in 
nitrogen  (less  than  2,000  pounds  per  acre  being  present  in  the  plowed  soil)  and 
organic  matter.  The  stock  of  phasphorus  is  likewise  decidedly  low.  In  the 
management  of  this  soil,  therefore,  legumes  should  be  grown  and  all  available 
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manure  should  be  applied.  Analysis  shows  no  limestone  above  the  subsoil ;  there- 
fore crushed  limestone  should  be  applied  at  the  rate  of  about  2  tons  per  acre. 
Phosphorus  may  be  supplied  in  the  form  of  finely  ground  raw  rock  phosphate 
at  the  rate  of  %  to  1  ton  per  acre. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1528) 

Only  a  very  small  area  of  brown-gray  silt  loam  on  tight  clay,  19  ,acres  in 
extent,  occurs  in  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  containing  about  6.4 
percent  of  organic  matter. 

The  svbsurface  is  a  gray  silt  loam  containing  approximately  1.3  percent 
of  organic  matter. 

The  subsoil  consists  of  a  tight  clay,  rather  impervious. 

Treatment. — ^According  to  the  analysis,  limestone  is  absent.  Therefore  this 
material  should  be  applied  at  the  rate  of  about  2  tons  per  acre.  The  growing 
of  sweet  clover  is  recommended.  This  may  serve  to  some  extent  to  break  up  the 
clay  of  the  subsoil. 

Gravelly  Loam  (1590) 

Gravelly  loam  does  not  form  an  important  type  agriculturally,  covering 
as  it  does  only  one  square  mile. 

The  surface  soU  contains  about  5.3  percent  of  organic  matter.  The  type  is 
of  value  only  for  pasture. 

(d)     LATE  SWAMP  AND  BOTTOM-LAND  SOILS 

Black  Mixed  Loam  (1450) 

Black  mixed  loam  is  the  most  common  of  the  swamp  types,  and  is  distributed 
all  over  the  county.  The  areas  vary  in  size  from  those  that  are  several  square 
miles  in  extent  to  numberless  areas  too  small  to  map.  The  type  covers  an  area 
of  104.45  square  miles,  or  17.14  percent  of  the  total  area  of  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  black  soil  varying  from  a  peat  on  one 
hand  to  a  clay  loam  or  a  black  sandy  loam  on  the  other.  These  different  types 
are  so  small  in  extent  that  it  is  practically  impossible  to  show  them  on  the  map. 
Hence  the  entire  area  is  mapped  as  the  black  mixed  loam.  The  plowed  soil 
contains  about  11.4  percent  of  organic  matter,  or  114  tons  per  acre. 

The  natural  subsurface  is  represented  by  a  stratum  8  to  12  inches  in  thick- 
ness. The  stratum  sampled  (6%  to  20  inches)  contains  about  5.9  percent  of 
organic  matter,  or  118  tons  per  acre. 

The  suisoU  is  a  yellowish  drab  or  drab  silty  clay  or  clayey  silt  which  con- 
tains about  1.6  percent  of  organic  matter. 

Treatment, — All  strata  are  pervious  to  water,  so  that  artificial  drainage  may 
result  in  transforming  this  land  into  very  productive  soil.  It  is  well  supplied 
with  phosphorus  and  nitrogen.  Limestone  is  often  abundant  in  all  strata  but 
sometimes  it  may  be  totally  absent.  In  such  exceptional  cases  the  artificial 
application  of  this  material  should  be  made.  This  land  is  used  principally  for 
pasture  because  of  the  fact  that  it  has  not  yet  been  sufficiently  drained  for 
cropping. 
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Black  Mixed  Loam  on  Sand  (1450.2) 

Black  mixed  loam  on  sand  occurs  in  the  vicinity  of  Marengo  and  extends 
into  Boone  county  to  the  west.    It  covers  an  area  of  6.48  square  miles. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  loam  to  a  sandy  loam.  It 
contains  about  6.5  percent  of  organic  matter. 

The  subsurface  is  a  black  to  grayish  sand  with  about  .7  percent  of  organic 
matter. 

The  subsoil  is  a  gray  or  yellow  sand. 

Trecptment. — ^Provision  for  drainage,  which  is  the  first  requirement  of  this 
land,  has  already  been  made  in  the  principal  tract  of  this  type.  Cropping, 
however,  has  been  pretty  largely  attended  by  failure.  This  kind  of  soil  is  not 
constituted  to  endure  drouth,  and  successful  cropping  will  therefore  depend 
much  upon  the  time  of  maturity  of  crops  grown,  the  distribution  of  rainfall,  and 
the  height  of  the  water  table.  Early  maturing  crops,  such  as  winter  wheat  and 
rye,  provided  conditions  at  time  of  seeding  in  the  autumn  are  sufficiently  favor- 
able to  insure  germination,  are  much  more  likely  to  succeed  than  a  crop  like  com. 

A  definite  prescription  for  the  application  of  fertilizing  materials  is  scarcely 
warrantable  at  this  time  because  this  type  of  soil  is  so  peculiar  that  reliable 
information  must  be  based  very  largely  upon  actual  experience. 

Deep  Peat  (1401) 

Deep  peat  is  distributed  thruout  the  county  and  covers  36.74  square  miles, 
or  6.03  percent  of  the  total  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  black  peat  containing  about  75  percent 
of  organic  matter,  or  375  tons  per  acre. 

The  subsurface  soil  contains  about  81  percent  of  organic  matter. 

The  subsoil  contains  about  80  percent  of  organic  matter. 

Treatment, — Drainage  is  the  first  requirement  of  this  type.  This  in  many 
cases  is  rather  difficult  to  secure  because  tiles  cannot  be  laid  to  good  advantage 
in  peat  on  account  of  irregular  settling  and  the  consequent  displacement  of  the 
line.  This  difficulty  may  be  partly  overcome  by  placing  the  tiles  upon  boards 
laid  in  the  bottom  of  the  ditch,  altho  such  a  system  cannot  be  regarded  as 
permanent. 

Where  thoro  drainage  can  be  provided,  either  by  the  above  method  or  by 
open  ditches,  very  marked  improvement  can  be  made  in  the  productive  power 
of  peat  by  the  liberal  use  of  potassium,  which  is  by  far  the  most  deficient  ele- 
ment. Farm  manure  and  crop  residues  contain  sufficient  potassium  to  make 
their  use  very  effective  on  deep  peat  soil ;  and  with  commercial  potash  salts  at 
prohibitive  prices,  farm  manure,  corn  stalks,  straw,  etc.,  must  be  utilized  for  the 
improvement  of  such  soils. 

The  chemical  analysis  shows  that  limestone  is  not  always  present  in  the 
deep  peat  of  lIcHenry  county.  When  the  simple  tests  described  in  the  Appen- 
dix, page  29,  indicate  the  absence  of  limestone,  then  this  material  should  be 
applied  at  the  rate  of  about  2  tons  per  acre. 

For  an  account  of  field  experiments  on  deep  peat  the  reader  is  referred  to 
page  49  of  the  Supplement. 
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Medium  Peat  on' Sand  (1402.2) 

Medium  peat  on  aand  occurs  in  low  swampy  places  fdmilar  to  those  occupied 
by  deep  peat,  but  the  conditions  for  the  formation  of  this  type  have  not  been 
so  favorable  as  for  deep  peat,  and  as  a  consequence  the  peaty  material  ie  less 
than  30  inches  thick.    The  type  covers  499  acres. 

The  surface  soU,  0  to  6%  inches,  contains  about  48  percent  of  organic 
matter. 

The  subsurface  is  of  about  the  same  general  character  as  the  surface  stratum. 

The  subsoil  consists  largely  of  sand,  with  only  1.2  percent  of  organic  matter. 

Treatment. — The  type  needs  drainage  and  the  application  of  potassium. 

Mixed  Loam  (1454) 

Mixed  loam  occurs  as  bottom  land  in  different  parts  of  the  county,  but 
usually  in  small  areas.    There  are  1,722  acres  of  this  type  in  the  county. 

■  The  surface  soU,  0  to  6%  inches,  contains  about  13.9  percent  of  organic 
matter  and  consists  of  a  black  mixed  loam,  the  variability  of  which  is  produced 
by  depositions  during  overflow. 

The  subsurface  contains  about  7.1  percent  of  organic  matter. 

The  subsoil  contains  about  2.5  percent  of  organic  matter. 

The  type  is  rich  in  nitrogen  and  phosphorus  and  in  the  area  sampled  has  an 
abundance  of  limestone. 


APPENDIX 

EXPLANinONS  FOB  INTEKPBBTINa  THE  SOU  8UBVET 

CLASSIFICATION  OP  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.  Without  going  far  into  details  the  following  paragraphs  are  intended  to 
furnish  a  brief  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  coUuvial;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel, 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Great  Soil  Areas  in  niinois, — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  sixteen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

100     Un^laciated,  compriziog  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    Illifwisan  moraines,  including  the  moraines  of  the  Illinoisan  glaciation 

300    Lower  Illinoisan  glaciation,  covering  nearly  the  south  third  of  the  state 

400    Middle  Illinoisan  glaciation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Illinoisan  glaciation,  covering  about  fourteen  counties  northwest  of  the  middle 

Illinoisan  glaciation 
600    Pre-Iowan  glaciation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    loivan  glaciation,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wisconsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000     Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100    Early  Wisconsin  glaciation,  covering  the  greater  part  of  the  northeast  quarter  of  the 

state 
1200    Late  Wisconsin  glaciation,  lying  in  the  northeast  comer  of  the  state 
1300     Old  river  bottom  and  swamp  lands ^  found  in  the  older  or  Illinoisan  glaciation 
1400    Late  river  bottom  and  swamp  lands,  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  formed  by  overloaded  streams  draining  from  the  glaciers  and  gravel  outwash 

plains 
1600     Lacustrine  deposits,  formed  by  Lake  Chicago  or  the  enlarged  Lake  Michigan 

Mechanical  Composition  of  Soils, — The  mechanical  composition,  or  the  tex- 
ture, is  a  most  important  feature  in  characterizing  a  soil.  The  texture  de- 
pends upon  the  relative  proportions  of  the  following  physical  constituents: 
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Organic  matter:    undecomposed  and  partially  decayed  vegetable  material 
Inorganic  matter:    clay,  silt,  fine  sand,  sand,  gravel,  stones. 

Classes  of  Soils. — ^Based  upon  the  relative  proportion  of  the  various  con- 
stituents mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below. 

Index  Number  Limits  Class  Names 

0  to    9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 Clays 

20  to  24 Clay  loams 

25  to  49 Silt  loams 

50  to  59 Loams 

60  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 Gravelly  loams 

95  to  97 Gravels 

98 Stony  loams 

99    Rock  outcrop 

Naming  and  Numbering  Soil  Types. — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  is  the  color. 
Therefore,  in  the  naming  of  soils  in  Illinois,  a  combination  of  color  and  texture, 
together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  g^ven  soil  type;  as  for 
example,  **gray  silt  loam  on  tight  day,''  or  ** brown  silt  loam  over  gravel." 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certain 
substrata.  When  the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches ;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
somewhat  the  Dewey  library  system,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  at 
100  with  the  unglaciated,  and  following  in  series  in  the  order  of  the  enumeration 
presented  in  the  paragraph  above  headed  Great  Soil  Areas  In  Illinois.  The 
digits  of  the  orders  of  units  and  tens  represent  the  various  kinds  of  soil  such  as 
are  enumerated  above  in  the  list  of  soil  classes.  A  modification  of  a  soil  type 
called  a  phase  is  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
is  found  less  than  30  inches  below  the  surface.'  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
color& 
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A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  type  numbers  and  a  descripticm  of  the  area  covered,  will  be  found 
in  the  respective  county  soil  reports. 

SOIL  SURVEY  METHODS 

Mapping  the  Soil  Types. — In  conducting  the  soil  survey,  the  county  consti- 
tutes the  unit  of  working  area.  In  order  that  the  survey  be  thoroly  truthworthy 
it  is  necessary  that  careful,  well-trainea  men  be  employed  to  do  the  mapping. 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
two  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
up  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendently on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map- 
ping. The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  official 
data  of  the  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  town  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  composing  it.  The  dif- 
ferent types  are  indicated  on  the  map  by  diflferent  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  diflferent  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle  or  by  some  other  measuring 
device,  while  distances  in  the  field  away  from  the  roads  are  determined  by 
pacing,  an  art  in  which  the  men  become  expert  by  practice.  The  soil  boundaries 
can  thus  be  located  with  as  high  a  degree  of  accuracy  as  can  be  indicated  by 
pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  Analysis. — After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  diflferent  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled;  namely, 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subsoil 
(20  to  40  inches).  These  strata  correspond  approximately,  in  the  common  kinds 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to  two 
times  and  three  times  this  quantity  in  the  subsurface  and  the  subsoil,  respec- 
tively. 
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By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  ordinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended  upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  Even  a  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  maintained 
at  a  high  point,  then  the  strong,  vigorous  plants  will  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PBINOIPLES  OF  SOIL  FEBTILIT7 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  sieed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 


CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfvr,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  Ca,  and  Fe.  Some 
seasons  in  central  Illinois  are  sufficiently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops  are  not  produced  under  favorable 
seasonal  conditions,  the  failure  is  due  to  unfavorable  soil  condition,  which  may 

Tablv  a. — Plant  Food  in  Wheat,  Cobn,  Oats,  and  Clover 


Produce 

Nitrogen 

Phos- 
phorus 

Sulfur 

Potas- 
sium 

Magne- 
sium 

Calcium 

Iron 

Kind 

Amount 

Wheat,  grain 

Wheat  straw 

Com,  grain 

Com  stover 

Com  cobs 

Oats,  grain 

Oat  straw 

Clover  seed 

Clover  hay 

Ibu. 
1  ton 

Ibu. 
1  ton 
1  ton 

Ibu. 
1  ton 

Ibu. 
1  ton 

lbs. 
1.42 
10.00 

1.00 

16.00 

4.00 

.66 
12.40 

1.75 
40.00 

lbs. 

.24 
1.60 

.17 
2.00 

.11 
2.00 

.50 
5.00 

lbs. 

.10 
2.70 

.08 
2.42 

.06 
4.14 

'Z.2S 

U)8. 

.26 
18.00 

.19 

17.33 

4.00 

.16 
20.80 

.75 
30.00 

lbs. 

.08 
1.60 

.07 
3.33  • 

.04 
2.80 

.25 
7.75 

Iks. 

02 
3.80 

.01 

7.00  1 

1 

.02 
().00 

29 .  25 

1 

.01 
.00 

.01 

l.()() 

.01 
1.12 

1.66 

1 
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result  from  poor  drainage,  poor  physical  condition,  or  an  actual  deficiency  of 
plant  food. 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  common 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
ton,  as  the  case  may  be.  From  these  data  the  amount  of  any  element  removed 
from  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argiunent  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion. 

PLANTFOOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  (carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 
air  by  one  class  of  plants  (legumes),  in  case  the  amount  liberated  from  the 
soil  is  insufficient ;  but  even  these  plants  (which  include  only  the  clovers,  peas, 
beans,  and  vetches  among  our  common  agricultural  plants)  are  dependent  upon 
the  soil  for  the  other  six  elements  (phosphorus,  potassium,  magnesium,  calcium^ 
iron,  and  sulfur),  and  they  also  utilize  the  soil  nitrogen  so  far  as  it  becomes 
soluble  and  available  during  their  period  of  growth. 


Tablb  B. — ^Plant-Food  Klkmsnts  in  Manttrb,  Rough  Feeds,  and  Fertilizbrs 

Pounds  of  plant  food  per  ton 
of  material 

Material 

Nitrogen 

Phosphorus 

Potassium 

Fresh  farm  manure 

10 

16. 

12 

10 

40 
43 
50 

80 

280 
310  . 
400 

80 
20 

t 

•  •  • 

•  •  • 

•  •  ■ 

•  •   • 

•  •   • 

• 

•  •   • 

2 

2 
2 
2 

5 
5 
4 

8 

•  •  • 

•  •  • 

•  •  • 

180 
250 
250 
125 

•  •  • 

•  •  • 

■  •  • 

10 

8 

CJom  stover 

17 

Oat  straw 

21 

Wheat  straw 

19 

Clover  hay 

30 

Cowpea  hay 

33 

Alfalfa  hav 

24 

Sweet  clover  (water-free  basis)  * 

28 

Dried  blood 

•  •  • 

Sodium  nitrate 

•  •  * 

Ammonium  sulfate 

Raw  bone  meal 

•  •  • 

Steamed  bone  meal 

Raw  rock  ohosDhate 

•  *  * 

Acid  phosphate 

Potassium  chlorid 

850 

Potassium  sulfate 

850 

Kainit   

200 

Wood  ashes' 

100 

*Young  second  year's  ja*ow1h  ready  to  plow  under  as  green  manure. 

•Wood  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 
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The  vast  difference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  pounds  to  4,900  pounds,  the  potassium  ranges  from  1,530  pounds 
to  about  58,000  pounds.  Similar  variations  are  found  in  all  of  the  other  essential 
plant  food  elements  of  the  soil. 

With  these  facts  in  mind  it  is  easy  to  understand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reduced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some  of  the  materials  most  commonly  used 
as  sources  of  plant-food  supply. 

LIBERATION  OF  PLANT  FOOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  farmer, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  limestone  and 
decaying  organic  matter.    Tillage  also  has  a  considerable  effect  in  this  connection. 

Effect  of  Limestone. — Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogen-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the 
same  time,  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  sufficient  organic  nirogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  com,  the  nitrous  acid  formed  is  alone  sufficient  to  convert 
seven  times  as  much  insoluble  tricalcium  phosphate  into  soluble  monocalcium 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Effect  of  Organic  Matter. — Organic  matter  may  be  supplied  by  animal  man- 
ures, consisting  of  the  excreta  of  animals  and  usually  accompanied  by  more 
or  less  stable  litter,  and  by  plant  manures,  including  green-manure  crops  and 
cover  crops  plowed  under  and  also  crop  residues  such  as  stalks,  straw,  and  chaff. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condition, 
and  origin,  and  it  inay  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  but  little  more 
than  half  the  organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  to  nearly  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.    The  history  of  the  individual 
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farm  or  field  must  be  depended  upon  for  information  concerning  recent  additicms 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legume 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  lesB 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ;  and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon 
as  nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil ;  while  in 
old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  or  nitrogen. 
Except  in  newly  made  alluvial  soils,  the  ratio  is  usually  narrower  in  the  sub- 
surface and  subsoil  than  in  the  surface  stratum.  Soils  of  cut-over  or  burnt-over 
timber  lands  sometimes  contain  so  much  partially  decayed  wood  or  charcoal 
as  to  destroy  the  value  of  the  nitrogen-carbon  ratio  for  the  purpose  indicated. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrous 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  power  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage, — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
the  soil. 

PERMANENT  SOIL  IMPROVEMENT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of  Limestone. — ^In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse 
causes :  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.    It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
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more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitrogen 
fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of  certain 
fungus  diseases,  such  as  com  root  rot.  Experience  indicates  that  it  modifies  di- 
rectly the  physical  structure  of  some  soils,  frequently  to  their  great  improvement. 
Thus,  working  in  one  or  more  of  these  different  ways,  limestone  often  be- 
comes the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply. — If  the  soil  is  acid,  at  least  2  tons  per  acre  of  ground 
limestone  should  be  applied  as  an  initial  treatment.  Continue  to  apply  lime- 
stone from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes,  using  preferably  at  times  magnesian  limestone 
(CaCOjMgCOj),  which  contains  both  calcium  and  magnesium  and  has  slightly 
greater  power  to  correct  soil  acidity,  ton  for  ton,  than  the  ordinary  calcium 
limestone  (CaCOg).  On  strongly  acid  soils,  or  on  land  being  prepared  for 
alfalfa,  4  or  5  tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first 
application. 

How  to  Ascertain  the  Need  for  Limestone, — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  one  of  the  following  tests  for  soil  acidity.  Along 
with  the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It 
should  be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the 
absence  of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral 
point,  that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This 
condition  is  explained  by  the  assumption  that  solid  particles  of  calcium  or 
magnesium  carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally 
acid.  Because  of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if 
it  is  to  be  thoroly  reliable.  It  is  also  desirable  to  test  samples  from  different 
depths.    Following  are  the  directions  for  making  these  tests: 

The  Lttmiu  Paper  Test  for  Acidity.  Make  a  baU  of  fresh  moist  soil,  break  it  in  two, 
insert  a  piece  of  blue  litmns  paper,  and  press  the  soil  firmly  together  again.  After  a  few 
minutes  examine  the  paper.  If  it  has  turned  pink  or  red,  soil  acidity  is  indicated.  The 
intensity  of  the  color  and  the  rapidity  with  which  it  develops  indicates  to  some  extent 
the  amount  of  acidity.  Needless  to  say  the  reliability  of  the  test  depends  upon  the  quality 
of  litmus  paper  used. 

The  PotassiiLm  Thiocyaaate  Test  for  Acidity.  A  more  recently  discovered  test  fcr  soil 
acidity  which  promises  to  be  more  satisfactory  than  the  litmus  test  is  made  with  a  4-percent 
solution  of  potassium  thiocyanate  in  alcohol — i  grams  of  potassium  thiocyanate  in  100 
cubic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of  soil 
shaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soil  is  acid  and  lime- 
stone should  be  applied.  If  the  solution  remains  colorless  the  soil  is  not  acid.  The  con- 
ditions for  a  prompt  reaction  require  a  temperature  that  is  comfortably  warm. 

The  Hydrochloric  Acid  Test  for  Carbonates.  Make  a  shallow  cup  of  a  baU  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  bubbles, 
producing  foaming  or  cflFervesence.  With  much  carbonate  present  the  action  is  lively,  but 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little, 
is  indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 


The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  agricnl- 
ture.  Four  important  reasons  for  this  are:  its  increasing  deficiency  in  most 
soils;  its  cost  when  purchased  on  the  open  market;  its  removal  in  larpe  amounts 
by  crops;    and  its  loss  from  soils  thru  leaching.     Nitrogen  costs  from  four  to 
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five  times  as  much  per  pound  as  phosphorus.  A  100-bushel  crop  of  com  re- 
quires-^J50  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops. 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This 
large  supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually 
turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  the  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soil. 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats  (grain  and  straw)  requires  1  pound  of  nitrogen. 
1  bushel  of  com  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 
1  bushel  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 
1  ton  of  timothy  requires  24  pounds  of  nitrogen. 
1  ton  of  clover  contains  40  pounds  of  nitrogen. 
1  ton  of  eowpeas  contains  43  pounds  of  nitrogen. 
1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 
1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  green 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  eowpeas  contain  about  one-tenth  as  much  as  the  tops.  Soils  of  mod- 
erate productive  power  will  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  eowpeas)  as  will  be  left  in  the  roots  and  stubble.  In  grain 
crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  cell. 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  beiag  especially  rich  in  this  element. 
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The  phosphorus  content  of  a  soil  varies  according  to  its  origin  and  the 
kind  of  farming  practiced.  Even  virgin  soils  are  found  that  are  deficient  in 
phosphorus. 

On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to  serious 
erosion  by  surface  washing  or  gullying)  that  element  should  be  applied  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops  de- 
sired to  be  produ^ced.  The  abundant  information  thus  far  secured  shows  positively 
that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very  prof- 
itably, and  clearly  indicates  that  this  material  will  be  the  most  economical  form  of 
phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil  im- 
provement. The  first  application  may  well  be  one  ton  per  acre,  and  subsequently 
about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied,  at  least 
until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per  acre, 
which  may  require  a  total  application  of  from  3  to  5  or  6  tons  i)er  acre  of  raw 
phosphate  containing  12V^  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  a  pound  of  phosphorus  delivered  in 
Illinois  in  the  form  of  raw  phosphate  (direct  from  the  mine  in  carload  lots),  is 
much  cheax>er  than  the  same  amount  in  steamed  bone  meal  or  in  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  comjnon  purchase  by  farm- 
ers in  carload  lots,  which  is  not  the  case  with  raw  phosphate.  Landowners  should 
bear  in  mind  the  fact  that  phosphorus  additions  to  the  soil  in  amounts  above  the 
immediate  crop  requirements  represent  a  permanent  investment,  since  this  ele- 
ment is  not  readily  lost  in  the  drainage  water  as  in  the  case  of  nitrogen.  It  is 
removed  from  the  farm  thru  the  sale  of  crops,  milk,  and  animals. 

Phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is  applied 
to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant  seems  to 
possess  an  unusual  power  for  assimilating  raw  phosphate,  or  else  at  a  time  when 
it  can  be  plowed  under  with  some  form  of  organic  matter  such  as  animal  manure 
or  green  manure,  the  decay  of  which  serves  to  liberate  the  phosphorus  from  its 
insoluble  condition  in  the  rock.  It  is  important  that  the  fine-ground  rock  phos- 
phate be  intimately  mixed  with  the  organic  material  as  it  is  plowed  under. 

The  Potassium  Problem 

Normal  soils,  in  which  clay  and  silt  form  a  considerable  part  of  the  con- 
stituency, are  well  stocked  with  potassium,  altho  it  exists  largely  in  insoluble 
form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low  in  this 
element.  On  such  soils  this  deficiency  may  be  supplied  by  the  application  of 
some  potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit,  or 
other  potassium  compound,  and  in  many  instances  this  is  done  at  great  profit. 

From  all  the  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  normal  soUs 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera- 
tion. The  Rothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  practically  the 
same  power  as  potassium  to  increase  crop  yield  in  the  absence  of  suflScient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 


32  Soil  Report  No.  21  [December, 

potassium  is  removed,  as  in  the  entire  crops  at  Bothamsted,  witJi  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 

Further  evidence  on  this  matter  is  furnished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure- 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  com. 
but  the  cheaper  salt,  kainit,  was  just  as  eflfective  as  the  potassium  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave 
very  little  increase  over  that  produced  by  the  manure  alone.  This  is  explained 
in  part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  that  potassium  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds 
of  the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus 
from  the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  potas- 
sium; so  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm, 
either  in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing 
25,000  pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  mag- 
nesium and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium. 
But  with  these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassium,  130  of 
magnesium,  and  330  of  calcium.  These  figures  are  very  significant,  and  it 
may  be  stated  that  if  the  plowed  soil  i^  well  supplied  with  the  carbonates  of 
magnesium  and  calcium,  then  a  very  considerable  proportion  of  these  amounts 
will  be  leached  from  that  stratum.  Thus  the  loss  of  calcium  from  the  plowed 
soil  of  an  acre  at  Bothamsted,  England,  where  the  soil  contains  plenty  of  lime- 
stone, has  averaged  more  than  300  pounds  a  year  as  determined  by  analyzing 
the  soil  in  1865  and  again  in  1905.  And  practically  the  same  amount  of  calcium 
was  found  by  analyzing  the  Rothamsted  drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCOg),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  is  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  was 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten 
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years  amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investi- 
gations seems  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed 
at  least  2  tons  per  acre  should  be  applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
em  and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  imderstand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows: 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  the  sulfur  passes  into  the  atmos- 
phere or  into  the  soil  solution  in  the  form  of  sulfur  dioxid  gas.  This  gas  unites 
with  oxygen  and  water  to  form  sulfuric  acid,  which  is  readily  washed  back  into 
the  soU  by  the  rain,  thus  completing  the  cycle,  from  soU — ^to  plants  and  animals 
— ^to  air — ^to  soil. 

In  this  way  sulfur  becomes  largely  a  self -renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.  With  a  fair  stock  of 
surfur,  such  as  exists  in  our  common  types  of  soil,  and  an  annual  return,  which 
of  itself  would  more  than  suffice  for  the  needs  of  maximum  crops,  the  mainten- 
ance of  an  adequate  sulfur  supply  presents  little  reason  at  present  for  serious 
concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur  in  the 
soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is  small. 
Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of  crop  pro- 
duction, and  it  will  be  necessary  sooner  or  later  to  introduce  this  substance  from 
some  outside  source.  Investigation  is  now  under  way  to  determine  to  what 
extent  this  situation  may  apply  to  conditions  in  Illinois. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.     The  constituent  most  important  for  this  purpose  is 
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organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tend«icy  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  oftai 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  th^  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  com  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  however,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil. 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if  cropping 
has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good 
tilth. 

Sjrstems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
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other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  leaj3t  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what 
will  prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and 
fanners  and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 


Six-Tear  Botatlons 
Fir$t  year     — Com 
Second  year  — Com 

TMrd  year    — ^Wheat  or  oats  (with  dover  or  clover  and  grass) 
Fourth  year  — Clover,  or  clover  and  grass 
Fifth  year    — ^Wlheat  (with  clover)  or  grass  and  clover 
Siath  year    — Clover,  or  clover  and  gprass 


Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  tfee 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Five-Tear  Botatlons 
First  year     — Com 

Second  year  — Wheat  or  oats  (with  clover,  or  clover  and  grass) 
mrd  year    — Clover,  or  clover  and  grass 
Fourth  year  — ^Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — Clover,  or  clover  and  grass 

First  year     — Cora 


Second  year  — Corn 

T^itrd  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    — Wheat  (with  clover) 


Fourth  year  — Clover,  or  clover  and 
Fifth  year    — Wheat  (with  clover) 

First  year     — Cora 

Second  year  — Cowpeas  or  soybeans 

Third  year    — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Fifth  year    — ^Wheat  (with  clover) 

The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 
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Four-Tear  Botations 

First  year     — Wheat  (with  clover)  First  year    — Com 

Second  year  — Com  Second  year  — Com 

Third  year    — Oats  (with  clover)  Third  year  — ^Wheat  or  oata  (with  clover) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year    — Com  First  year    — Wheat  (with  clover) 

Second  year — Wheat  or  oats  (with  colver)  Second  year — Clover 

Third  year  — Clover  Third  year  — Com 

Fourth  year — Wheat  (with  clover)  Fawrth  year — Oata  (with  clover) 

First  year     — Com 
Second  year  — Cowpeas  or  soybeans 
Third  year   — Wheat  (with  clover) 
Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Year  Botations 

First  year    — Com  First  year    — ^Wheat  (with  clover) 

Second  year — Oats  or  wheat  (with  clover)    Second  year — Com 

Third  year  — Clover  Third  year   — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 
before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 
grow  on  every  acre  every  year.  This  is  likewise  true  of  the  following  suggested 
two-year  system: 

Two-Tear  Botation 

First  year     — Oats  or  wheat  (with  sweet  clover) 
Second  year  — Com 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover  espec- 
cially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture  and 
hay  crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop-rotation 
program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  RepreserUing  the  More  Important  Types  of 

Soil  Occurring  in  McHenry  County) 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of  former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  further  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soil.  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report. 

A  few  general  explanations  at  this  point,  which  apply  to  all  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots  and  each  series  is  occupied  by  one  kind  of 
crop.  Usually  there  are  several  series  so  that  a  crop  rotation  can  be  carried  on 
with  every  crop  represented  every  year. 

Fanning  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  and  grain  farming.  In  the  live-stock  system,  stable  manure 
is  used  to  furnish  organic  matter  and  nitrogen.  The  amount  applied  to  a  plot 
is  based  upon  the  amount  that  can  be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.  The  organic  matter  and 
nitrogen  are  supplied  in  the  form  of  plant  manures,  including  plant  residues  pro- 
duced, such  as  stalks  and  straw,  along  with  leguminous  catch  crops  plowed  under. 

Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  definite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  eVery  year.  The  most  common  rotation  used  is  wheat, 
com,  oats,  and  clover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
on  a  fifth  series.  In  the  grain  system  a  legume  catch  crop,  usually  sweet  clover, 
18  included,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  faU  or  in  the  following  spring  in  preparation  for  com.  In  the  event  of 
clover  failure,  soybeans  are  substituted. 
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Soil  Treatment 

The  treatment  applied  to  the  plots  has,  for  the  most  part,  been  standard- 
ized according  to  a  definite  system,  altho  deviations  from  this  system  occur  now 
and  then,  particularly  in  the  older  fields. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment 

Animal  Manures. — Animal  manures,  consisting  of  excreta  from  animals,  with 
stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate  to 
previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manures. — ^AU  crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaflf,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clo'v^r  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures. — The  yearly  acre-rates  of  application  are :  for  limestone^ 
1,000  pounds;  for  raw  rock  phosphate,  500  pounds;  and  for  potassium,  the 
equivalent  of  200  pounds  of  kainit.  The  initial  application  of  limestone  is  usu- 
ally 4  tons  per  acre. 

Explanation  of  Symbols  Used 

0    =  Untreated  land  or  check  plots 
M  =  Manure  (animal) 

R  =  Residues  (from  crops,  and  includes  legumes  used  as  green  manure) 
L  =  Limestone 
P  =  Phosphorus 

K  =  Potassium  (usually  in  the  form  of  kainit) 
N  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 
(  )  =  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
bushels  of  seed 

In  discussions  of  this  sort  of  data,  financial  profits  or  losses  based  upon 
assigned  market  values  are  frequently  considered.  However,  in  view  of  the 
erratic  fiuctuations  in  market  values — especially  in  the  past  few  years — ^it  seems 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at  all  satisfactory. 
The  3delds  are  therefore  presented  with  the  thought  that  with  these  figures  at 
hand  the  financial  returns  from  a  given  practice  can  readily  be  computed  upon 
the  basis  of  any  set  of  market  values  that  the  reader  may  choose  to  apply. 

BROWN  SILT  LOAM 

Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.  Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 

The  Morrow  Plots 

It  happens  that  the  oldest  soil  experiment  field  in  the  United  States  is  lo- 
cated on  typical  brown  silt  loam  of  the  early  Wisconsin  glaciation,  on  the 
campus  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  George 
E.  Morrow,  who  for  many  years  was  Professor  of  Agriculture,  and  these  plots 
are  known  as  the  Morrow  plots. 
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Tablb  1.— URBANA  field,  MORROW  PLOTS:    Bbown  Silt  Loam;  Praibib;  Eably 

Wisconsin  Glaciation 

Crop  Yields  in  Soil  Experiments — Busheb  or  (tons)  per  acre 


Years 

SoU 

treatment 

applied 

• 

CJom 
every 
year 

Two-year  rotation 

Three-year  rotation 

Com 

Ck>m          Oats 

Ck)m           Oats         Clover 

1879-87 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

.... 
54.3 
43.2 
48.7 
28.6 
33.1 
21.7 
34.8 
42.2 
62.3 
40.1 
18.1 
50.1 
48.0 
23.7 
60.2 
26.0 

•  •••                        •••• 

49.5            

37.4 

54.3            .... 

OO ,M                 .... 

....              oJ  »A 

29.6            

....            57 . 2 
41.6 

....            34 . 5 
47.0            

•  •••                         •••• 

4% « 7                    •  •  •  • 

41.5 

vOml                                 .... 

....            56.3 
35.9            

•...            •...            •... 
48.6 

(4.04) 

(1.51) 

(1.46) 

70.2            

34.1            

....            65.1            .... 

22.2 
....            •..*            .... 

....            ••••            .... 

....            ...»            .... 

53.5            ....            .... 

34.3  ....            .... 

....            54.6            .... 

(1.11) 

1904 
1904 
1905 
1905 
1906 
1906 
1907 
1907 
1908 
1908 
1909 
1909 
1910 
1910 
1911 
1911 
1912 
1912 
1913 
1913 
1914 
1914 
1915 
1915 
1916 
1916 
1917 
1917 
1918 
1918 
1919 
1919 
1920 
1920 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None. . . 

MLP 

None 

MLP 

None 

MLP 

21.5 
17.1 
24.8 
31.4 
27.1 
35.8 
29.0 
48.7 
13.4 
28.0 
26.6 
31.6 
35.9 
54.6 
21.9 
31.5 
43.2 
64.2 
19.4 
32.0 
31.6 
39.4 
40.0 
66.0 
11.2 
10.8 
40.0 
78.0 
13.6 
32.6 
24.0 
43.4 
28.2 
54.4 

17.5 
....            25.3 
50.0            

^rt  mV                              .... 

34.7 

52.4 

47 . o              .... 

87.6            .... 
....            32.9 

45.0 

33.0            

04. o               .... 
....               33. o 

59.4 

28.6            .  •  •  • 

46.3  .... 

55.0 

81.0 

^V  m  I                                  .    .    .    ■ 

25.0            

....            33 . 6 
....            58.2- 
49.0            

ol .^                   .... 

....            37 . 5 
64.7 

^o . *                  .... 

01 .4  .... 

27,2 
59.3 

30.8            

66.2            

....               o7 . Z 

....            51 . 6 

55.3            ....            .... 

72.7            

42.3 

50.6            

(1.42)1 

,       (1.74)1 

80.5  ....            «... 

9o.o            ....             .... 

....            4u  t\j            . . .  • 

....                  44 .4                  • • . . 

(  .65)« 

(1.73)» 

58.6  ....            .... 

83.3            ....             .... 

20.6            

38.0            

16.31 
20.01 

u3.o              •>..               .... 

4/  .o               ....                .... 

39.6            

....                  Ov. 4                  • . • • 

24.21 

27  1* 

....             ....            •#•.* 

^1  .o                   ....                    .... 

40.6            .... 

68.4            

....                 oO. v                 .... 

(2.58) 

(4.04) 

52 .2            ....             ..•• 

7v.o               ....                .... 

....            52 . 2            .... 
69.7            

iSoybeans. 

>In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 

*In  addition  to  the  hay,  1.17  busheb  of  seed  were  harvested. 
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'  Tablx  2.— URBANA  field,  MORROW  PLOTS:    GsmiUL  Stnnusr 
Biubela  or  (tons)  pv  ure 


Soil 
treatment 
appUed 

Com 
ev«7 
yew 

Two-yew  rotation 

Thteo-yew  rotatkm 

Yean 

Com 

Oat« 

Com 

Oata 

Clover 

1888 
to  1903 

None 

learojit 
39.7 

Berop, 
41.0 

44.0 

4cnp* 
4S.0 

4cror» 
47.6 

4trt>j» 
(2.03) 

1904 
to  1920 

None 

MLP 

41.1 

Seropt 
62^2 

56.2 

68.1 

68.3 

Seropt 
(2. soy 

'One  crop  of  soybean  hay. 

The  Morrow  series  now  coDBiata  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  com  is  grown  continuously; 
on  the  second  com  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  haa 
been  treated  since  1904,  receiving  standard  applications  of  farm  mannre  with 
cover  crops  grown  in  the  one-crop  and  two-crop  ^sterns.  Phosphorus  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  pounds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phosphate  was  in- 
creased sufBeiently  to  bring  up  the  total  amount  applied  to  four  times  the  quan- 
tity of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  pounds  of  bone  meal  per  acre  per  year.  In 
1904  ground  limestone  was  applied  at  the  rate  of  1,700  pounds  per  acre  to  the 
south  half  of  each  plot,  and  in  1918  a  further  application  was  made  at  the  rate 
of  5  tons  per  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 
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Table  1  gives  the  yearly  records  of  the  crop  yields,  and  Table  2  presents 
the  same  in  summarized  form. 

Summarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half-plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the 
continuous  corn  plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one-third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  corn  and  oats  production,  while  the  averages  for  the 
three-year  system  show  an  increase  in  com  yield  and  decreases  in  oats  and 
clover.  Unfortunately  the  numbers  of  crops  included  in  these  last  averages  arc 
too  small  to  warrant  positive  conclusions. 

The  increase  brought  about  by  soil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 

The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  1901. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
"field"  in  a  crop  rotation  system. 

Prom  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  com  and  oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  with  a  crop 
i-otation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows : 

Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and' 8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (R)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
in  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 

Manure  (M)  was  applied  preceding  com,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
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Table  3.— URBANA  FIELD,  DAVENPORT  PLOTS:    BBOwif  Silt  Loam,  Praibu;  Earlt 

Wisconsin  Glaciation 


Ten- Year  Average  Annual  Yields — 

1011-1920 

Bushebor 

(tons)  per 

Acte 

Serial 
plot 
No. 

SoU 

treatment 

applied 

Com 

Oats 

Wheat 

Clover 
5  crops 

Soybeans 
5  crops 

Alfalfa 

1 

0 

55.6 

50.5 

26.0 

(2.42) 

(1.47) 

(2.43) 

2 

R 

57.1 
66.3 
64.8 
69.6 

52.3 
61.9 
55.6 
64.1 

28.7 
28.2 
31.4 
32.8 

1.47» 
(2.56) 

1.61» 
(2.90) 

19.8 
(1.62) 
20.3 
(1.67) 

(2.46) 

3 

M 

(2.52) 

4 

RL 

(2.72) 
(3.03) 

5 

ML 

6 

RLP 

71.5 
73.0 
70.9 
70.2 

69.8 
68.6 
72.5 
72.0 

43.0 
40.0 
40.7 
30.2 

2.29* 
(3.52) 

1.791 
(3.40) 

23.5 

(1.97) 

25.5 

(2.20) 

(3.69) 
(3.76) 

7 

MLP 

8 

RLPK 

(3.77) 
(3.73) 

0 

MLPK 

10 

Mx5LPx5 

65.9 

71.4 

40.6 

(3.31) 

(2.22) 

(3.77) 

*In  addition  to  the  clover  seed,  a  crop  of  hay  was  harvested  one  year  on  Plots  2,  4,  6,  and  8» 
yielding  2.38,  2.20,  2.54,  and  2.39  tons,  respectively. 

tnted  for  the  bone  meal  on  one-half  of  each  of  these  plots.  These  applications 
continued  until  1918  when  adjustments  were  begun,  first  to  make  the  rate  of 
application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
rotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9  in  connection 
with  the  bone  meal  and  rock  phosphate,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  ** extra  heavy"  treatment  was  not  begun  until 
1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  The  purpose  in  making  these  heavy  applications  is  to  try  to 
determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limitations 
of  inadequate  fertility. 

It  will  be  observed  that  the  applications  described  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  sysfem, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues,  is  exemplified  in  Plots 
2,  4,  6,  and  8 ;  and  the  live-stock  system,  in  which  farm  manure  is  utilized  for  soil 
enrichment,  is  represented  in  Plots  3,  5,  7,  and  9. 

Table  3  shows  a  summary  of  the  results  obtained  on  the  Davenport  plots 
beginning  with  the  year  1911,  when  the  present  cropping  system  was  introduced. 

When  used  in  conjunction  with  phosphorus  the  crop  residues  and  the 
manure  appear  about  equally  effective;  but  where  phosphorus  is  not  applied, 
the  manure  has  been  decidedly  more  effective,  under  the  conditions  of  the  ex- 
periment. It  should  be  observed,  however,  in  this  connection,  that  the  plowing 
under  of  clover  is  a  very  essential  feature  of  the  residues  system,  and  that,  as 
a  matter  of  fact,  there  were  five  clover  failures,  when  soybeans  were  substituted, 
during  the  ten  years.  Perhaps  with  a  more  reliable  biennial  legume  than  red 
clover,  the  results  would  have  been  more  favorable  for  this  system. 


MoHenst  Couktt 


Manure  Manare,  limeatone,  phoBpborua 

Yield:    1.43  tons  per  acre  Tield:    2.S0  tons  per  acra 

Fig.  2. — Clotib  on  thb  Datznpoht  Plots  in  1913 

By  comparing  Plots  2  and  3  with  Plots  4  and  5,  it  ia  found  that  limestone 
has  had  a  beneficial  effect  on  all  crops.  What  the  financial  profit  amonnts  to 
depends  obviously  upon  the  market  value  of  the  crops  and  the  cost  of  the  lime- 
stone. 

Comparing  Plots  4  and  5  with  Plots  6  and  7,  respectively,  there  is  found 
in  all  cases  an  increase  in  crop  yield  as  a  result  of  adding  phosphorus.  The 
effect  on  wheat  ia  especially  pronounced.  Where  limestone  and  phosphorus 
are  applied  in  addition  to  the  crop  residues,  an  increase  of  17  bushels  of  wheat, 
over  the  yield  of  the  untreated  land,  has  been  obtained  as  a  ten-year  average. 

The  effect  of  adding  potassium  to  the  treatment  is  of  much  interest.  Plots 
8  and  9  are  the  same  as  Plots  6  and  7,  respectively,  except  that  potassium  has 
been  applied  to  the  former.  On  the  whole,  no  significant  benefit  is  shown  from 
the  addition  of  potassium. 

No  benefit  appears  as  the  result  of  the  extra-heavy  applications  of  manure 
and  phosphorus  on  Plot  10.  In  fact  the  com  yields  are  noticeably  less  here 
than  on  the  plots  receiving  the  normal  applications  of  these  materials. 

The  University  South  Farm 
On  the  University  South  Farm,  at  Urbana,  several  series  of  plots  devoted 
primarily  to  variety  testing  and  other  crop-production  experiments  are  so  laid 
out  as  to  Bho>v  the  effects  of  certain  soil  treatments  that  have  been  applied. 
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Several  different  systems  of  crop  rotation  are  employed  and  the  crops  are  so 
handled  as  to  exemplify  the  two  general  systems  of  farming,  grain  and  live- 
stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  sys- 
tems of  cropping.  The  first,  designated  as  the  Southwest .  rotation,  is  to  be 
regarded  as  a  good  rotation  for  general  practice,  on  this  tn>c  ^^  ^^t  ^lotder  Illi- 
nois conditions.  This  is  a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 
The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oats,  and  clover, 
represents  a  system  very  commonly  practiced ;  and  the  third  or  South-Central 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  mtist  be  considered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land. 

Tabls  4.— URBANA  field,  SOUTH  FARM:    Bbown  Su.t  Loam,  Praisis;  Eably  Wis- 
consin Glaciation 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Southwest  Rotation:    Series  100,  200,  400>:    Wheat,  Com«  Oats,  Clov^ 


Son 

treatment 
applied* 

Com 
9  crops 

Oats* 
9  crops 

Wheat* 
8  crops 

Oover* 
3  crops 

Sojrbeans 
7  crops 

RP 

62.3 
51.9 
69.7 
64.3 

51.9 
46.5 
50.2 
55.4 

41.0. 
26.9 
29.1 
43.1 

1.05 

1.38 
(2.28) 
(2.86)      . 

17. 3» 

R 

16. 2» 

M 

(1.25) 
(1.51) 

MP... 

RLP 

60.5 
49.7 
55.5 
64.1 

57.2 
49.6 
54.1 
59.6 

41.8 
25.8 
27.8 
43.9 

.64 
.83 
(1.71) 
(1.77) 

16. 4» 

R 

14.7* 

M 

(1.28) 
(1.58) 

MLP 

North-Central  Rotation:    Series  500,  600,  700^:    Com,  Com,  Oats,  Clover* 


RP. 
R.. 
M.. 
MP 


SoU 

treatment 

applied* 


Com 
Ist  year 
9  crops 


56.7 
51.7 
54.9 
56.5 


Com 
2d  year 
9  crops 


51.1 
45.2 
46.7 
53.4 


Oats 
9  crops 


56.1 
52.0 
52.1 
56.9 


Clover 
5  crops 


.54 

.50 

(2.291 


Sojrbeans 
4  crops 


16.9 

16.0 

(1.60) 

(1.74) 


South-Central  Rotation:    Series  500,  600,  700M    Com,  Com,  Com,  Soybeans 


Soil 

treatment 

applied* 

Com 
Ist  year 
9  crops 

Com 
2d  year 
9  crops 

Com 
3d  year 
9  crops 

Soybeans 
9  crops 

RP 

51.9 
45.5 
50.1 
54.5 

44.0 
39.9 
42.1 
46.7 

41.3 
35.2 
33.5 
42.0 

20.0 

R 

19.2 

M 

(1.69) 
(1.66) 

MP 

^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

*  Soybeans  when  clover  fails. 

•Ordy  seven  crops  with  limestone. 

*Only  one  crop  with  limestone. 

•Average  of  five  crops. 

*A11  phosphorus  plots  received  H  ton  per  acre  of  limestone  in  1903. 
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Tabu  5. — Couparino  PBOorcnoN  of  Corn  in  Tbsck  DirrsRiNT  Rotation  Stbtxus 

AcRB  Yields  from  Plots  oh  tbb  UNivEasnr  South  Farm 

TwelTO-Year  Average  (1908-1919)— Bushels  per  acre 


Rotation 

Wheat-corn- 

legume' 

Treatment 

Com 

1st  Cora   2d  Cora 

1st  Com    2d  Com    3d  Com 

55.8 
63.2 

63.3          «.0 
56.6          62.3 

Organic  manures,  phosphorua . 

63.2          46.3          41.0 

■Clover  3  crops,  and  soybeans  7  crops. 
*Clover  S  crops,  and  soybeans  5  crope. 
^ybeaiu  9  crops. 

On  the  whole,  the  "residues"  have  not  returned  yields  quite  so  high  as 
those  produced  by  the  manure  treatment;  but,  as  remarked  above  in  the  discus- 
siou  of  the  Da-venport  plots,  the  residues  system  has  probably  been  at  a  disad- 
Tantage  thru  frequent  clover  failures.  On  the  North-Central  rotation,  where 
conditions  seem  to  have  been  more  favorable  for  clover,  there  is  very  little  dif 
ferenee  between  the  effect  of  manure  and  of  residues. 
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In  the  rotation  system  in  which  limestone  is  being  applied,  no  benefit  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test,  however,  has  hardly  been  of  suflBcient  duration  to  warrant  final  con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  yield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  com  yields  produced 
under  different  systems  of  cropping.  Table  5  gives  a  general  summary  of  the 
corn  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ** organic  manures.'*  The  highest  annual  acre-yields 
are  found  where  corn  occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-yields  are  less ;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  general 
farm  management. 

YELLOW-GRAY  SILT  LOAM 

Yellow-gray  silt  loam  exhibits  an  important  variation  with  respect  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  sur- 
face. Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by 
difterent  experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it 
is  tl¥)ught  well  to  introduce  here  the  records  of  two  fields,  that  are  representative 
of  the  type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illi- 
nois and  one  in  the  southern  part  of  the  state. 

;The  Antioch  field,  is  located  on  the  late  Wisconsin  glaciation,  in  Lake 
county,  close  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but 
a  single  series  of  ten  plots,  under  a  rotation  of  corn,  corn,  oats,  and  wheat ;  but 
beginning  with  1911  the  rotation  has  been  wheat,  corn,  oats,  and  clover.  It  was 
started  in  order  to  learn  as  quickly  as  possible  what  effect  would  be  produced 
by  the  addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used 
singly  and  in  combination.  These  elements  were  all  applied  in  commercial  form 
until  1911,  after,  which  the  use  of  commercial  nitrogen  was  discontinued  and 
crop  residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the  earlier 
years  in  800  pounds  per  acre  of  dried  blood.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  slaked  lime  was  applied;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 

Table  6  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  prom- 
inently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.    Also,  the 
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Average  Annual  Yields — Dushela  or  (tona)  per  a< 


Serial 

Soil  treatment  applied 

Com 
8  crops 

Oata 
5  crops 

Whfat 
4  crops 

Clover 
seed 
2  crops 

0      .                ■                   

23.9 
21.3 

32.3 
26.8 

15.8 
13.2 

2 

L 

.30 

3 

LR 

21.3 
30.7 
23.7 

29.9 
43.8 

27.8 

20.6 
36.7 
19. 2 

.33 

5 

LK 

.57 

LRP                     

33.8 
24.3 
25.1 

43.3 
26.9 
38.2 

33.3 
20.8 
30.9 

ffi.;:::::::::::::::::::::::: 

8 

LPK 

1.26 

38.3 
38.4 

42.6 
44.7 

28.0 
30.2 

Lime  applied  and  Lime  and  phosphorua 

reaiduea   plowed   under  applied 

FiQ.  4.— Clover  in  1S13  on  Antiocii  Field 

results  are  unfavorable  for  the  application  of  limestone.     Limestone,  however, 
is  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  Illinoisan  glaciation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  out  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  com,  oata,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  7. 
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in  the  rotation  system  in  which  limestone  is  being  applied,  no  benefit  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test,  however,  has  hardly  been  of  suflScient  duration  to  warrant  final  con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  yield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  corn  yields  produced 
under  different  systems  of  cropping.  Table  5  gives  a  general  summary  of  the 
com  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ** organic  manures.*'  The  highest  annual  acre-yields 
are  found  where  corn  occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-yields  are  less ;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  generoi 
farm  management. 

YELLOW-GRAY  SILT  LOAM 

Yellow-gray  silt  loam  exhibits  an  important  variation  with  respect  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  siu*- 
face.  Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by 
difterent  experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it 
is  thought  well  to  introduce  here  the  records  of  two  fields,  that  are  representative 
of  the  type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illi- 
nois- and  one  in  the  southern  part  of  the  state. 

;  The  Antioch  field,  is  located  on  the  late  Wisconsin  glaciation,  in  Lake 
county,  close  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but 
a  single  series  of  ten  plots,  under  a  rotation  of  corn,  corn,  oats,  and  wheat ;  but 
beginning  with  1911  the  rotation  has  been  wheat,  corn,  oats,  and  clover.  It  was 
started  in  order  to  learn  as  quickly  as  possible  what  effect  would  be  produced 
by  the  addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used 
singly  and  in  combination.  These  elements  were  all  applied  in  commercial  form 
until  1911,  after,  which  the  use  of  commercial  nitrogen  was  discontinued  and 
crop  residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the  earlier 
years  in  800  pounds  per  acre  of  dried  blood.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  slaked  lime  was  applied ;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 

Table  6  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  prom- 
inently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.    Also,  the 
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Tabli  6.— ANTIOCH  FIELD:     Ywjow-Grat  Silt  Lo.vm,  Timbbk  Soil;  Lath  Wiscomsii' 

GL.ACIATIOH 

Average  Anmutl  Yields — Buahela  or  (tona)  per  acre 


Serial 

Cora 
Sraops 

Oats 
fi  crops 

Wheat 
4  crops 

Clover 

seed 
2cropa 

23.9 
21.3 

32.3 
26.8 

15.8 
13.2 

2 

L 

.30 

3 

LR     

21.3 
30.7 
23.7 

29.9 
43.6 
27.8 

20.6 
36.7 
19.2 

LP 

5 

LK 

.57 

LRP 

33.8 
24.3 
25.1 

43.3 
26.9 
38.2 

33.3 
20.8 
30.9 

8 

LPK 

1.26 

38.3 

38.4 

42.6 
44.7 

28.0 
30.2 

Lime  and  phoBphonis 
applied 

Fig.  4. — Clover  in  1913  om  An-tiocii  Field 

results  are  unfavorable  for  the  application  of  limestone,     Limestone,  however, 
ia  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  IlHnoisan  glaciation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  out  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  com,  cats,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  7. 
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Hanare,  limestone,  phoaphoruB 
Yield:    61  buahela  per  acre 


.'  Baleioii  Field  in  ] 


Tablx  7.— RALEIGH  FIELD:  Ykliaw-Gsat  Silt  Loam,  Tihbm  Son,;  Lower  Ilunoisan 
Glaciation 


Avenge  Annual  Yielda— Buahela 

or  (tone)  per  acre 

Soil 
treatm^t 
applied 

Cora 
10  crops 

Oatfl 
10  crops 

Wheat 
6  crops 

Clover 
4  crops 

8oyb**M 
4  crops 

17.3 
29.7 
40,9 
41,2 

10.4 
13.0 
20,0 
20,3 

6.8 
7.7 
21.0 
21, S 

a 

M 

(    81) 

(1,08) 
(1.24) 

4 

MLP 

17.3 
20.1 
34,9 
36,5 
41  9 

10.3 
12.8 
21,6 
22,7 
23,6 

7,0 
S.4 
18,8 
21,2 
22.4 

(  .00)      .01' 
(  .00)      .01» 
(1,60)'     ,10» 
(1.61)'     .09' 
(1.79)'     ,12" 

9 

RLPK 

6.0 

10 

0 

ig,6 

11,6 

6.6 

(1.06) 

{    67) 

The  outstanding  feature  of  these  results  is  the  effect  of  limestone.  AJtho 
manure  alone  produces  a  substantial  increase,  especially  in  the  corn  crop,  when 
limestone  is  added  a  remarkable  increase  is  found  in  ail  crops.  A  most  im- 
portant fact  is  tliat  the  organic  matter  can  be  effectively  built  np  thru  the  use 
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of  crop  residues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  under  this  ** grain  system*'  of  farming  as  where  manure  is 
used. 

Phosphorus  thus  far  has  given  only  moderate  returns  in  increased  crop 
yields,  but  with  an  increasing  quantity  of  organic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  will  show  up  more  favorably  <m  sub- 
sequent crops.  As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
increase  of  5.4  bushels  of  com  in  the  residues  system,  the  beneficial  effect  has  not 
been  sufficient  to  justify  t)ie  use  of  this  material. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
Ktone;  while  the  Raleigh  field  represents  the  lower  lUinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recommendation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  applying  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  under  the  discussion  of  limestone  on  page  29  of 
the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
(Hn  other  fields  located  on  this  same  type  of  soD.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  try  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is  not  far  off  when 
phosphorus  will  become  a  limiting  element  to  crop  production,  and  the  wise 
farmer  will  watch  carefully  the  indications  and  be  ready  to  make  timely  pro- 
vision for  this  need. 

Deep  Peat 

As  representing  the  deep  peat  type  of  soil,  the  results  are  introduced  from 
an  experiment  field  conducted  at  Manito  in  Mason  county  during  the  years 
1902  to  1905  inclusive. 

There  were  ten  plots  receiving  the  treatments  indicated  in  Table  8. 

The  results  of  the  four  years'  tests,  as  given  in  Table  8,  are  in  complete 
harmony  with  the  information  furnished  by  the  chemical  composition  of  peat 
soil.  Where  potassium  was  applied,  the  yield  was  from  three  to  four  times  as 
large  as  where  nothing  was  applied.  Where  approximately  equal  money  values 
of  kainit  and  potassium  chlorid  were  applied,  slightly  greater  yields  were  ob- 
tained with  the  potassium  chlorid,  which,  however,  supplied  about  one-third 
more  potassium  than  the  kainit.  On  the  other  hand,  either  material  furnished 
more  potassitun  than  was  required  by  the  crops  produced. 

The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no 
appreciable  increase  over  the  best  untreated  plots,  indicating  that  where  potas- 
sium is  itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 
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Table  8.— MANITO  FIELD:    Dbbp  Peat 
Com  Yields — Bushels 


Plot 
No. 

Soil  treatment 
for  1902 

Com 
1902 

Com 
1903 

Soil  treatment 
for  1904 

Com 
1904 

Com 
1905 

Four 
crops 

1 

None 

10.9 
10.4 

8.1 
10.4 

None 

17.0 
12.0 

12.0 
10.1 

48.0 

2 

None 

Limestone,  4000  lbs — 

42.9 

3 
4 

5 

Kainit,  600  lbs 

)  Kainit,  600  lbs { 

1  Acidulat'd  bone,  350  lb.  S 
Potassium  chlorid, 
200  lbs 

30.4 
30.3 

31.2 

32.4 
33.3 

33.9 

(  Limestone,  4000  lbs. .  1 

?  Kainit,  1200  lbs 

f  Kainit,  1200  lbs 1 

\  Streamed  bone,395  lbs.  ( 
Potassium  chlorid, 
400  lbs 

49.6 
53.5 

48.5 

47.3 
47.6 

52.7 

159.7 
164.7 

166.3 

6 

Sodium  chlorid,  700  lbs. 

11.1 

13.1 

None 

24.0 

22.1 

70.3 

7 
8 
9 

Sodium  chlorid,  700  lbs. 

Kainit,  600  lbs 

Kainit,  300  lbs 

13.3 
36.8 
26.4 

14.5 
37.7 
25.1 

Kainit,  1200  lbs 

Kainit,  600  lbs 

Kainit,  300  lbs 

44.5 
44.0 
41.5 

47.3 
46.0 
32.9 

164.5 
125.9 

10 

None 

14. 9> 

14.9 

None 

26.0 

13.6 

69.4 

>  Estimated  from  1903;  no  yield  was  taken  in  1902  because  of  a  misunderstanding. 

Applications  of  2  tons  per  acre  of  ground  limestone  produced  no  increase 
in  the  com  crops,  either  when  applied  alone  or  in  combination  with  kainit, 
either  the  first  year  or  the  second. 

Reducing  the  application  of  kainit  from  600  to  300  pounds  for  each  two- 
year  period  reduced  the  yield  of  corn  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  com  (grain  and  stalks) . 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  between  the 
yield  of  Plot  9  (125.9  bushels)  and  the  yield  obtained  from  Plot  2  (42.9  bushels), 
the  poorest  untreated  plot. 
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IN  RBGOGNinON 
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general  plan  and  lines  of  procedure,  in  which  it  was  begun. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vaiy  tremendously  in  their 

productive  power,   depending  upon  their  physical  condition,  their  chemical 

composition,  and  their  biological  activities.    For  any  comprehensive  plan  of  soil 

improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 

lands,   a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 

first  essential.    It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 

soil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 

description  and  for  mapping.    With  the  information  thai  such  a  survey  affords, 

every  farmer  or  land  owner  of  the  surveyed  area  has  at  hand  the  basis  for  a 

rational  system  of  improvement  of  his  land.    At  the  same  time  the  Experiment 

Station  is  fiirnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 

j?ently  to  base  plans  for  those  fundamental  investigations  so  necessary  for  solving 

the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement.  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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FORMATION 

IroquoLs  county  is  situated  on  the  eastern  border  of  Illinois  about  one 
hundred  miles  south  of  the  north  line.  The  county  measures  approximately 
thirty-three  by  thirty-four  miles,  and  comprizes  an  area  of  1,123.62  square  miles. 

The  most  important  period  in  the  geological  history  of  the  county  from  the 
standpoint  of  soil  formation  was  that  during  which  the  material  that  later 
formed  the  soils  was  being  deposited.  This  was  the  Glacial  period.  At  that 
time  snow  and  ice  a^ccumulated  in  the  region  of  Labrador,  west  of  Hudson  Bay, 
and  in  the  Rocky  Mountains  to  such  an  amount  that  the  mass  pushed  outward 
from  these  centers,  especially  southward,  until  a  point  was  reached  where  the 
ice  melted  as  rapidly  as  it  advanced.  As  the  ice  advanced  in  these  movements 
it  buried  everything,  even  the  highest  mountains,  in  its  path.  It  would  then 
recede  slowly,  and  apparently  normal  conditions  would  be  restored  for  a  long 
period,  after  which  another  advance  would  occur.  At  least  six  of  these  great 
ice  movements  took  place,  each  of  whick  covered  some  part  of  northern  United 
States,  altho  the  same  parts  were  not  covered  every  time. 

In  advancing  from  these  distant  northern  centers  of  accumulation,  the  ice 
gathered  up  all  sorts  and  sizes  of  material,  including  clay,  silt,  sand,  gravel, 
boulders,  and  even  large  masses  of  rock.  Some  of  these  materials  were  carried 
several  hundred  miles,  and  the  coarser  masses  rubbed  against  the  surface  rocks 
or  against  each  other  until  largely  ground  into  rock  powder,  which  now  consti- 
tutes much  of  the  soil.  As  the  ice  melted  upon  reaching  the  limit  of  advance, 
the  material  was  dropped.  If  the  glacier  remained  in  the  same  position  for 
some  time,  this  material  accumulated  in  a  broad  undulating  ridge  called  a  lateral 
moraine  if  formed  at  the  side  of  the  glacier,  or  a  terminal  moraine  if  formed  at 
the  end.  When  the  ice  melted  more  rapidly,  than  the  glacier  advanced,  the 
terminus  of  the  glacier  receded  and  the  material  was  deposited  somewhat  irregu- 
larly over  the  land,  back  of  the  moraines.  This  formation  is  known  as  a  ground 
moraine.  A  glacier  would  often  advance  again,  but  not  so  far  as  before;  or 
it  would  remain  stationary,  and  another  moraine  would  be  built  up.  These 
moraines,  or  ridges,  have  a  steep  outward  slope  and  a  very  gradual  inward  slope. 

A  pressure  of  forty  pounds  per  square  inch  is  exerted  by  a  mass  of  ice  one 
hundred  feet  thick,  and  these  ice  sheets  may  have  been  hundreds  or  even  thou- 
sands of  feet  in  thickness.  The  materials  carried  along  in  the  ice,  especially  the 
boulders  and  pebbles,  became  powerful  agents  for  grinding  and  wearing  away 
the  surface  over  which  the  ice  peissed.    Preglacial  ridges  and  hills  were  rubbed 
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down,  valleys  were  filled  with  the  debris,  and  the  surface  features  were  changed 
entirely.  The  mixture  of  materials  deposited  by  the  glacier  is  known  as  boulder 
clay,  till,  glacial  drift,  or  simply  drift. 

THE  QLACIATIONS  OF  IROQUOIS  COUNTY 

There  were  at  least  four  ice  advances  that  reached  Iroquois  county  and 
covered  it  wholly  or  in  part.  The  first  advance  that  reached  this  county  was 
probably  the  lUinoisan  glacier,  which  covered  all  of  Illinois  except  the  northw^ 
corner  (practically  all  of  Jo  Daviess  county),  the  southern  part  of  Calhoun 
county,  and  the  seven  southernmost  counties.  (See  state  map  in  Bulletin  123 
or  193).  This  glacier  melted  and  somewhat  normal  conditions  were  restored,  as 
is  indicated  by  the  thick  soil  formed  from  the  material  deposited  by  the  glacier. 

The  drift  left  by  this  ice  sheet  was  buried  by  another  glacier,  probably  the 
lowan ;  and  this  was  followed  by  a  third,  known  as  the  early  Wisconsin.  The 
material  deposited  by  the  early  Wisconsin  glacier  forms  most  of  the  surface 
material  west  of  the  Iroquois  river  and  south  of  Sugar  creek.  The  moraine 
appearing  in  the  southeastern  and  southwestern  parts  of  Iroquois  and  bending 
down  into  the  northern  part  of  Vermilion  county  is  known  as  the  Bloomington 
moraine.  Another  moraine  was  built  up  by  the  early  Wisconsin  glacier  along 
the  northern  boundary  of  Kankakee  county  and  west  of  the  Iroquois  river.  This 
is  known  as  the  Marseilles  moraine. 

The  late  Wisconsin  glacier  covered  most  of  the  county  east  of  the  Iroquois 
river  and  north  of  Sugar  creek.  A  more  or  less  distinct  moraine  found  here 
is  called  the  Iroquois  moraine.  This  moraine  is  quite  characteristically  devel- 
oped near  Beaverville  in  the  northeastern  part  of  the  county, 

PHYSIOGRAPHY  AND  DRAINAGE 

The  county  varies  in  topography  from  flat  to  slightly  rolling.  Even  along 
the  streams  hills  do  not  exist  to  any  extent.  The  principal  variations  are  due 
to  the  irregular  deposition  of  glacial  material,  the  depth  of  which  varies  from 
a  few  feet  to  more  than  three  hundred  feet,  and  averages  probably  about  one 
hundred  and  fifty  feet.  The  moraines  take  the  form  of  irregular  biUowy 
ridges,  and  they  vary  in  width  from  a  mile  or  two,  to  six  or  eight  miles. 
A  broad  flat  valley,  comprizing  a  large  part  of  the  intermorainal  area,  lies 
between  the  three  moraines.  This  valley  was  formerly  very  poorly  drained.  It 
contained  extensive  swamps  and  many  ponds,  which  usually  became  dry  during 
the  summer.  The  marginal  ridges,  with  the  underlying  sands  and  gravels  of 
this  valley  or  basin,  have  brought  about  conditions  that  give  rise  to  artesian  wells. 
Water  is  obtained  at  depths  varying  from  30  to  160  feet. 

With  the  exception  of  a  few  small  areas  in  the  northwest  part,  the  entire 
county  is  drained  by  the  Iroquois  river  and  its  tributaries,  the  principal  of 
which  are  the  Langum,  Prairie,  and  Spring  creeks  from  the  west,  with  Sugar, 
Pike,  and  Beaver  from  the  east.  These  streams,  together  with  the  dredge  ditches 
which  have  been  made,  now  provide  a  very  good  system  of  drainage.  Erosion 
topography  is  limited  to  the  immediate  vicinity  of  the  streams.  In  some  places 
the  subsoil  becomes  too  heavy  and  tight  for  good  drainage. 
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Nearly  Wisconsin  moraines  Hi  late  Wisconsin  moraines 

1 1  EARLY  WISCONSIN  INTERMORAtNAL  AREA  [iiSLATE  WISCONSfN  INTERMORAINAL  AREA 

^^  TERRACE    AREAS 
Hap  SnowiNo  the  Dkaihaqe  Babins  or  Ikoquois  County  with  Moiuinal,  Interuokainal, 
AND  Terrace  Areas 

The  altitudes  of  several  places  in  Iroquois  county  are  as  follows :  Ashkum, 
670  feet  above  sea  level;  Buckley,  702;  Chebanse,  674;  Cissna  Park,  684 
Ciaana  Junction,  690;  Clay tonville,  665 ;  Clifton,  672;  Crescent  City,  637 ;  Dan 
forth,  658 ;  Donovan,  670 ;  Del  Ray,  669 ;  Fountain  Creek,  677 ;  Oilman,  654 
Goodwine,  660;  Hickman,  677;  Iroquois,  673;  Loda,  780;  LaHogue,  664 
Martinton,  627;  Milford,  666;  Onarga,  676;  Papineau,  630;  Pittwood,  643 
Sheldon,  688;  Stockland,  695 ;  Thawville,  CS6 ;  Watseka,  634;  Woodland,  640 
Wellington,  698. 
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During  the  Glacial  period,  the  drainage  of  the  Great  Lakes  to  the  north  and 
east  was  blocked  by  the  ice,  and  the  water  necessarily  found  an  outlet  to  the 
south  thru  the  Illinois  and  Wabash  rivers.  The  former  drained  Lake  Michigan 
and  Lake  Huron  in  part,  while  the  latter  drained  Lake  Erie.  At  that  time  the 
basins  of  the  Iroquois  and  Kankakee  were  temporaiy  broad  lakes.  That  of  the 
Iroquois  extended  from  Onarga  to  the  Marseilles  moraine  and  westward  across 
Ford  county  into  Livingston  county,  and  it  probably  overflowed  into  the  Ver- 
milion river  and  thence  to  the  Illinois  river.  These  lakes  were  shallow  and  did 
not  exist  for  any  great  length  of  time.    They  were  succeeded  by  swamps  that 

have  been  only  recently  drained. 

« 

SOIL  MATERIAL  AND  SOIL  TYPES 

The  glaciers  that  covered  Iroquois  county  left  a  deposit  called  till,  glacial 
drift,  or  boulder  clay  (a  mixture  of  boulders,  gravel,  sand,  silt,  and  clay),  hav- 
ing an  average  thickness  of  about  150  feet.  This  deposit,  however,  does  not 
form  the  soil  material  except  in  small  areas.  The  rock  flour  produced  by  the 
giinding  action  of  the  glaciers  was  reworked  by  the  wind  and  deposited  over 
practically  all  of  the  county  to  a  depth  of  12  to  40  inches.  This  loessial,  or 
wind-blown  material  now  covering  the  level  and  less  rolling  areas,  has  been 
transformed  into  soil  by  weathering  and  by  the  accumulation  of  organic  matter. 
There  is  little  doubt  but  that  this  wind-blown  material  was  at  one  time  fairly 
uniformly  deposited  over  the  exposed  surface,  but  it  has  subsequently  been 
removed  in  places  by  erosion,  so  that  the  boulder  clay  is  exposed  on  some  of  the 
more  rolling  areas.  The  deposit  is  thicker  on  the  early  Wisconsin  glaciation 
than  on  the  late  Wisconsin,  because  of  a  deeper  original  deposit  (3  to  6  feet) 
and  because  there  has  not  been  so  much  erosion  on  this  less  rolling  area. 

During  the  melting  of  the  glacier  the  streams  draining  this  area  were  fre- 
quently flooded  and  carried  large  amounts  of  rather  coarse  material,  such  as 
gravel  and  sand.  This  was  deposited  in  the  valleys,  partly  filling  them.  Later 
the  streams  cut  down  thru  the  fill,  leaving  gravel  terraces.  This  gravel  was 
later  covered  with  the  fine  material  that  now  constitutes  the  soil.  These  ter- 
races occur  principally  along  Sugar  creek,  and  in  broad  irregular  expansions 
along  the  Iroquois  river  and  to  the  northeast  part  of  the  county  along  Beaver 
creek.  Part  of  this  area,  constituting  the  expansion  sputh  of  Martinton,  was 
produced  by  the  breaking  of  the  water  over  the  moraine  south  and  east  of 
Hooper.  Much  sand  was  deposited  by  this  overflow  and  this  area  south  of 
Martinton  contains  many  sand  dunes. 

The  soils  of  Iroquois  county  are  divided  into  the  following  groups: 

(a)  Upland  Prairie  Soils,  including  the  upland  soils  that  have  not  been 
covered  with  forests  and  on  which  the  luxuriant  growth  of  prairie  grasses  has 
produced  relatively  large  amounts  of  organic  matter. 

(b)  Upland  Timber  Soils,  including  nearly  all  the  upland  areas  that  are 
now,  or  were  formerly,  covered  with  forests. 

(c)  Terrace  Soils,  including  bench  lands,  or  second  bottom  lands,  formed 
by  deposits  from  overloaded  streams,  or  by  broad  sheets  of  water  arising  from 
the  melting  of  the  glaciers. 
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(d)  Swamp  and  Bottom-Land  Soils,  including  the  overflow  lands  or  flood 
plains  along  streams,  the  swamps,  and  the  poorly  drained  lowlands. 

Table  1  gives  a  list  of  the  types  of  soil  found  in  Iroquois  county,  the  area 
of  each  type  in  square  miles  and  in  acres,  and  its  percentage  of  the  total  area.  For 
example,  it  may  be  noted  that  the  brown  silt  loam  of  the  prairie  occupies  sixty 
percent  of  the  area  of  the  county.  The  accompanying  map  shows  the  location 
and  boundary  of  each  type  of  soil,  even  down  to  areas  of  a  few  acres. 

For  explanations  concerning  the  classification  of  soils  and  the  interpretation 
of  the  map  and  tables,  the  reader  is  referred  to  the  first  part  of  the  Appendix 
to  this  report. 


Table  1. — Soil  Types  op  Iroquois  County,  Ilunois 


SoU 
type 
No. 


Name  of  type 


Area 

in 
acres 


Percent 

of  total 

area 


(a)     Upland  Prairie  Soils  (900,  1000,  1100,  1200) 


-26 
-20 
-60 
-81 
-28 
-28.1 


Brown  silt  loam 

Black  clay  loam 

Brown  sandy  loam 

Dune  sand 

Brown-c^y  silt  loam  on  tight  clay. 
Brown  silt  loam  on  tight  clay 


436,358 

51,494 

68,077 

2,976 

851 

4,710 


564,466 


-60 

-26 

-27 

-64 

-81 

-34 

-36 

-66 

-67 

-26.4 

-20 


Brown  ^dv  loai^ 

Brown  silt  loam 

Brown  silt  loam  over  gravel 

Yellow-gray  sandy  loam 

Dune  sand 

Yellow-gray  silt  loam 

Yellow-gray  silt  loam  over  gravel. . . 

Brown  sandy  loam  over  gravel 

Yellow-gpray  sandy  loam  over  gravel 

Brown  silt  loam  on  gravel 

Black  clay  loam 


108.30 

2.66 

13.20 

9.14 

18.50 

.46 

6.37 

4.98 

3.30 

.33 

.25 


167.49 


69,312 

1,702 

8,448 

5,850 

11,840 

294 

4,077 

3,187 

2,112 

211 

160 


107,193 


60.68 

7.16 

9.45 

.41 

.12 

.66 


78.48 


(b)    Upland  Timber  Soils  (900,  1000,  1100,  1200) 

-34 

Yellow-gray  silt  loam 

16.74 
4.48 
1.58 
1.60 

10,714 
2,867 
1,011 
1,024 

1.49 

-64 

Yellow-gray  sandy  loam 

.40 

-35 

Yellow  silt  loftTTi 

.14 

-38 

Yellow-gray  silt  loam  on  tight  clay 

.14 

24.40 

15,616 

2.17 

(c)    Terrace  Soils  (1500) 

9.64 
.24 

1.18 
.81 

1.65 
.04 
.57 
.44 
.29 
.03 
.02 


14.91 


(d)    Swamp  and  Bottom-Land  Soils  (1400) 

-26 

Deep  brown  silt  loam 

29.06 

3.88 

12.61 

.45 

1.78 

.73 

.25 

18,599 

2,483 

8,071 

288 

1,139 

467 

160 

2.59 

-54 

Mitred  loam 

.35 

-61 

Rlftck  sandy  loam 

1.12 

-10.2 

Peaty  loam  on  sand 

.04 

-01 

Deep  peat 

.16 

-02 

Meaium  peat  on  clay 

.07 

-13 

Clayey  muck 

.02 

48.76 

31,207 

4.35 

Water 

.99 

634 

.09 

Total 

1,123.62 

719,116 

100  00 
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INVOICE  OF  PLANT  FOOD  IN  IROQUOIS  OOUNTT  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive types,  the  average  of  several  analyses.  These  analyses,  like  most  things 
in  nature,  show  more  or  less  variation,  but  for  general  purposes  they  may  be 
considered  sufficient  to  characterize  the  soil  type. 

The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood 
that  the  rate  of  liberation,  as  explained  in  the  Appendix  (page  35),  is  governed 
by  many  factors. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (the  best  measure 
of  the  organic  matter) ,  and  the  total  quantities  of  nitrogen,  phosphorus,  sulfur, 
potassiimi,  magnesium,  and  calcium  contained  in  2  million  pounds  of  the  surface 
soil  (the  plowed  soil  of  an  acre  about  6%  inches  deep)  of  each  type  in  Iroquois 
county. 

Because  of  the  fact  that  soils  often  vary  so  extremely  within  the  type  with 
respect  to  the  presence  of  limestone  and  acidity,  no  attempt  is  made  to  include 
in  the  tabulated  results  figures  purporting  to  represent  the  average  amounts 
of  these  substances  present  in  the  respective  types.  Such  averages  cannot  give 
the  farmer  the  specific  information  he  needs  regarding  the  lime  requirements  of 
a  given  field.  Fortunately,  however,  very  simple  tests  which  can  be  made  at 
home  will  furnish  this  important  information,  and  these  tests  are  described  on 
page  37  of  the  Appendix. 

The  variation  among  the  different  types  of  soil  with  respect  ta  the  content 
of  important  plant-food  elements  is  very  marked.  For  example,  the  deep  peat 
contains,  in  the  plowed  soil  of  an  acre,  more  than  thirty  times  as  much  nitrogen 
as  does  the  dune  sand.  Comparing  the  deep  peat  with  the  most  common  type 
in  the  county,  we  find  about  five  times  as  much  nitrogen  in  it  as  in  the  brown 
silt  loam,  while  on  the  other  hand  the  brown  silt  loam  contains  more  than  eight 
times  as  much  potassium  as  is  found  in  the  deep  peat.  The  supply  of  phosphorus 
in  the  surface  soil  varies  from  660  pounds  per  acre  in  the  dune  sand  to  1,450 
pounds  in  the  deep  brown  silt  loam.  A  sulfur  content  of  190  pounds  per  acre  is 
found  in  the  dune  sand,  while  in  the  deep  peat  there  are  4,310  pounds  of  this 
element.  The  magnesium  varies  in  the  different  types  from  2,900  to  18,280 
pounds,  and  the  calcium  content  ranges  from  5,700  to  24,840  pounds  per  acre. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple 
computations  are  of  interest  in  this  connection.  Assume,  for  example,  that  a  four- 
field  crop  rotation  of  wheat,  corn,  oats,  and  clover  yields  50  bushels  of  wheat  per 
acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover  hay.  It  will 
be  found  that  the  most  prevalent  upland  soil  of  Iroquois  county,  the  brown  silt 
loam,  contains  only  enough  total  nitrogen  in  the  plowed  soil  for  the  production 
of  such  yields  to  supply  about  ten  rotations. 
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Tabi«e  2. — ^Plant  Food  in  the  Soils  op  Iroquois  County,  Ilunois:    Surface  Soil 
Average  pounds  per  acre  in  2  million  pounds  of  surface  soil  (about  0-6^  inches) 


SoU 
type 
No. 


Soil  t3rpe 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900,  1000,  1100,  1200) 


-26\ 
1526/ 

-20 

-60 

-811 
1581/ 
1128 

1128.1 


Brown  silt  loam 

Black  clay  loam  . . 
Brown  sandy  loam. 

Dime  sand 


Brown-gray  silt  loam  on 

tight  clay 

Brown  silt  loam  on  tight  clay 


65  020 

5  300 

1  060 

920 

39  700 

10  590 

65  260 
57  880 

6  160 
4  700 

1  310 
1  270 

1  030 
990 

42  260 
23  900 

16  600 
6  390 

13  710 

900 

660 

190 

26  570 

3  120 

44  180 
46  860 

3  840 

4  240 

1  060 
860 

760 
•460 

32  320 
39  900 

7  060 
9  620 

10  670 

19  450 
24  840 

7  360 


8  260 
10  020 


(b)    Upland  Timber  Soils  (900,  1000,  1100,  1200) 


-34 
-64 
-35 

Yellow-gray  silt  loam 

Yellow-gray  sandy  loam 

Yellow  silt  loam 

24  460 

25  560 
28  370 

33  600 

1  970 

2  040 

2  680 

3  200 

880 
700 
810 

970 

270 
300 
350 

530 

39  740 
30  000 
59  600 

33  680 

5  280 
3  480 

16  170 

6  390 

6  850 

7  180 
6  460 

-38 

Yellow-gray  silt  loam  on 
tight  clay 

6  490 

(c)    Terrace  Soils  (1500) 


-60 

-261 

926 

1026 

1126 

1226 

-27 

-64 

-811 

981 

1061 

1181 

1281 

-34 

-36 

-66 

-67 


-26.4 
-20 


Brown  sandy  loam. 


Brown  silt  loam 


Brown  silt  loam  over  gravel 
Yellow-gray  sandy  loam .... 


Dune  sand. 


Yellow-gray  silt  loam 

Yellow-eray  silt  loam  over 
11 


grave 

Brown  sandy  loam  over 
gravel 


Yellow-Kray  sandy  loam  over 

gravel . 

Brown  silt  loam  on  gravel. . 
Black  clay  loam 


65  770 

4  880 

1  170 

990 

23  610 

5  020 

65  020 

5  300 

1  060 

920 

39  700 

10  590 

51  280 
21  660 

4  600 
1  820 

1  240 
740 

700 
200 

30  400 
27  680 

5  580 
3  480 

13  710 

900 

660 

190 

26  570 

3  120 

34  620 

3  040 

1  040 

400 

46  420 

9  580 

28  180 

2  310 

1  060 

290 

39  140 

5  640 

34  250 

2  920 

1  000 

650 

29  160 

4  970 

21  040 
35  720 
57  980 

1  420 

2  880 
5  220 

760 
1  080 
1  380 

360 
380 
760 

27  860 

28  240 
34  760 

3  240 

5  280 

14  440 

16  970 
10  670 


6  240 
6  220 


7  360 


8  560 

6  330 

7  450 

5  700 

6  000 
17  320 


(d)    Swamp  and  Bottom-Land  Soils  (1400) 


-26 
-54 

Deep  brown  silt  loam 

Mixed  loam 

70  060 
77  040 
65  290 
172  320 
345  060 
211  120 
151  950 

5  860 

6  700 
5  730 

13  350 
27  910 
16  040 
13  070 

1  450 
1  280 
1  230 

870 
1  160 

730 
1  440 

1  320 
1  800 

1  000 

2  430 
4  310 

2  990 

3  170 

46  770 
28  620 
30  210 
17  450 
4  590 
8  600 
32  840 

18  280 

6  800 

7  990 
5  250 
3  010 
2  900 

11  390 

22  280 
9  060 

-61 

Black  sandv  loam 

19  960 

-10.2 
-01 

Peaty  loam  on  sand^ 

Deep  peat* 

19  170 
23  410 

-02 
-13 

Menium  peat  on  clay* 

Clayey  muck* 

18  660 
17  810 

Limestone  and  Soil  Addity. — In  connection  with  these  tabulated  data  it  should  be  ex- 
plained that  the  figures  on  limestone  content  and  soil  aciditv  are  omitted  not  because  of  any 
lack  of  importance  of  these  factors,  but  rather  because  of  the  peculiar  difficulty  of  presenting 
in  general  averages  adequate  information  concerning  the  limestone  requirement.  The  lime- 
stone requirement  for  sous  is  extremely  variable.  It  may  vary  from  farm  to  farm,  and  even 
from  fidd  to  field.  Therefore  no  attempt  is  made  to  include  in  these  tables  figures  purporting 
to  represent  for  the  various  types  the  limestone  content  or  the  sofl  acidity  present.  The  need 
for  hmestone  should  be  determined  on  every  farm  and  for  each  field  individually.  Fortu- 
nately this  can  be  easily  done  by  the  simple  tests  described  in  the  Appendix  to  this  report, 
page  37. 

>  Amounts  reported  are  for  IJ^  million  pounds  of  peaty  loam  and  clayey  muck. 
*  Amounts  reported  are  for  1  million  pounds  of  deep  peat  and  medium  peat. 
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Table  3.— Plant  Food  in  the  Soiw  of  Iboquois  (Bounty,  Illinois:    Subsurface  Soil 
Average  pounds  per  acre  in  4  million  pounds  of  subsurface  soil  (about  6^-20  inches) 


SoU 
type 
No. 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900,  1000,  1100,  1200) 


-26\ 
1526/ 

-20 

-60 

-811 
1581/ 
1128 

1128.1 


Brown  silt  loam . . . 

Black  clay  loam . . . 
Brown  sandy  loam. 

Dune  sand 


Brown-gray  silt  loam  on 

tight  clay 

Brown  silt  loam  on  tight  clay 


60  530 

5  280 

1  430 

1  080 

84  710 

28  420 

60  110 
45  700 

5  720 
4  160 

2  020 
1  700 

1  140 
1  020 

87  590 
51  340 

38  080 
14  120 

14  860 

960 

1  100 

320 

52  480 

6  000 

49  240 
47  200 

4  280 
4  640 

1  440 
1  200 

760 
480 

76  280  19  520 
84  200  25  080 

18  920 

38  940 
42  960 

13  420 


13  520 
15  080 


(b)     Upland  Timber  Soils  (900,  1000,  1100,  1200) 


-34 
-64 
-35 
-38 


Yellow-gray  silt  loam .  . . 
Yellow-gray  sandy  loam. 

Yellow  silt  loam 

Yellow-gray  silt  loam  on 
tight  clay 


16  800 
16  520 
24  440 

27  580 


1  680 
1  320 
3  380 

3  140 


1  480 

1  360 

1  760 

1  300 


360 
280 
580 

500 


72  780 

59  920 

139  300 

77  880 


16  380 

8  000 

70  560 

23  980 


11  840 
15  800 
65  140 

10  520 


(c)     Terrace  Soils  (1500) 


-60 

-261 

926 

1026 

1126 

1226 

-27 

-64 

-811 

981 

1081 

1181 

1281J 

-34 

-36 

-66 
-67 


-26.4 
-20 


Brown  sandy  loam 


Brown  silt  loam 


Brown  silt  loam  over  gravel 
YeUow-gray  sandy  loam. ... 


Dune  sand. 


YeUow-gray  silt  loam 

Yellow-gray  silt  loam  over 

gravel. 

Brown  sandy  loam  over  gravel 
YeUow-gray  sandy  loam  over 

gravel. 

Brown  silt  loam  on  gravel .  . . 
Black  clay  loam 


41  940 

3  710 

1  550 

850 

51  250 

11  050 

60  530 

5  280 

1  430 

1  080 

84  710 

28  420 

49  120 
11  360 

4  720 
1  200 

1  760 
1  200 

720 
280 

64  280 
58  000 

13  720 
9  640 

14  860 

960 

1  100 

« 

320 

52  480 

6  000 

32  440 

3  320 

1  600 

520 

99  680 

31  960 

18  980 
36  680 

2  180 

3  400 

1  620 
1  490 

240 
730 

84  660 
60  280 

18  740 
11  590 

13  240 
38  160 
51  720 

1  040 

3  400 

4  800 

1  360 

1  600 

2  080 

600 
480 
720 

62  800 
59  680 
68  880 

9  080 
11  640 
28  920 

25  270 


18  920 


10  080 

11  080 


13  420 


11  400 

10  520 
13  210 

10  160 

9  840 

36  160 


(d)    Swamp  and  Bottom-Land  Soils  (1400) 


-26 

-54 

-61 

-10.2 

-01 

-02 

-13 


Deep  brown  silt  loam . 

Mixed  loam 

Black  sandy  loam .... 
Peaty  loam  on  sand* . . 

Deep  peat* 

Meciium  peat  on  clay* 
Clayey  muck  * 


118  740 

10  320 

2  680 

2  080 

91  660 

32  900 

33  280 

3  080 

1  040 

600 

62  280 

11  680 

45  020 

4  220 

1  080 

1  120 

64  940 

17  040 

149  670 

9  450 

1  230 

2  460 

41  640 

12  000 

354  540 

30  940 

1  360 

6  180 

17  640 

8  260 

114  180 

8  820 

820 

2  120 

23  360 

4  600 

329  310 

27  270 

2  100 

7  590 

51  540 

24  180 

35  380 
13  960 
27  780 

36  120 
32  740 
18  360 
44  100 


Limestone  and  Soil  Additjr. — In  connection  with  thase  tabulated  data  it  should  be  ex- 

f)lained  that  the  figures  on  limestone  content  and  soil  acidity  are  omitted  not  because  of  any 
ack  of  importance  of  these  factors,  but  rather  because  of  the  peculiar  difficulty  of  presenting 
in  general  averages  adequate  information  concerning  the  limestone  requirement.  The  lime- 
stone requirement  for  soils  is  extremely  variable.  It  may  vary  from  farm  to  farm,  and  even 
from  field  to  field.  Therefore  no  attempt  is  made  to  include  in  these  tables  figures  purportinf 
to  represent  for  the  various  types  the  limestone  content  or  the  soil  acidity  present.  The  neea 
for  hmestone  should  be  determined  on  every  farm  and  for  each  field  individually.  Fortu- 
nately this  can  be  easily  done  by  the  simple  tests  described  in  the  Appendix  to  this  repc»i, 
page  37. 

^Amounts  reported  are  for  3  million  pounds  of  peaty  loam  and  clayey  muck. 
'Amounts  reported  are  for  2  million  pounds  of  deep  peat  and  medium  peat. 
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Table  4. — ^Plant  Food  m  thb  Soils  of  Iroquois  Cottntt,  Illinois:    Subsoil 
Average  pounds  per  acre  in  6  million  pounds  of  subsoU  (about  20-40  inches) 


Soil 
type 
No. 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900,  1000,  1100,  1200) 


-26\ 
1526/ 

-20 

-60 

-811 
1581/ 
1128 

1128.1 


Brown  silt  loam . . . , 

Black  clay  loam 

Brown  sandy  loam, 

Dune  sand , 


Brown-gray  silt  loam  on 

tight  clay 

Brown  silt  loam  on  tight  clay 


29  150 

3  300 

2  020 

1  180 

147  660 

86  810 

26  590 
24  690 

3  600 
3  360 

2  780 
1  860 

3  180 
840 

129  690 
87  420 

83  100 
23  970 

13  290 

1  020 

1  620 

360 

80  220 

9  690 

30  720 
26  880 

3  540 

4  020 

1  620 

2  340 

1  020 
660 

140  160 
148  980 

49  680 
77  520 

107  680 

167  860 
42  150 

20  730 


24  540 
115  740 


(b)    Upland  Timber  Soils  (900,  1000,  1100,  1200) 


-34 
-35 

Yellow-gray  silt  loam 

Yellow-gray  sandy  loam 

Yellow  silt  loam 

12  360 
11  760 
24  900 

21  750 

1  800 
1  020 
3  600 

3  690 

2  070 

1  800 

2  370 

2  100 

300 
300 
840 

930 

116  970 

85  260 

183  990 

142  230 

35  610 

14  400 

127  680 

61  600 

20  670 

21  300 
203  880 

-38 

YeUow-gray  silt  loam  on 
tight  clay 

22  800 

(c)    Terrace  Soils  (1500) 


-60 

-261 

926 

1026 

1126 

1226 

-27 

-64 

-811 

981 

1081 

1181 

1281 

-34 

-36 

-66 
-67 


-26.4 
-20 


Brown  sandy  loam. 


Brown  silt  loam 


Brown  sOt  loam  over  gravel. 
Yellow-gray  sandy  loam 


Dune  sand. 


Yellow-gray  silt  loam 

Yellow-gray  silt  loam  over 

gravel 

Brown  sandy  loam  over  gravd 
Yellow-sray  sandy  loam  over 

gravel 

Brown  silt  loam  on  gravel . . 
Black  clay  loam 


17  800 

2  070 

1  800 

650 

83  230 

24  400 

29  150 

3  300 

2  020 

1  180 

147  660 

86  810 

23  400 
15  720 

2  760 
2  220 

2  280 
1  800 

1  020 
240 

93  900 
114  720 

28  080 
31  200 

13  290 

1  020 

1  620 

360 

80  220 

9  690 

21  960 

3  000 

2  280 

720 

139  980 

42  300 

16  060 
22  920 

2  250 
2  580 

1  890 
1  840 

240 
580 

119  970 
99  760 

32  310 
24  560 

13  320 
19  620 
23  880 

1  920 

2  160 
2  640 

2  220 

1  980 

2  100 

240 
180 
600 

105  300 
90  420 
98  040 

22  860 
19  980 
91  320 

42  760 


107  680 


20  400 
18  360 


20  730 


20  460 

20  160 
24  200 

15  840 

13  380 

249  600 


(d)    Swamp  and  Bottom-Land  Soils  (1400) 


-26 
-54 

Deep  brown  silt  loam 

Mixed  loam 

83  490 
22  980 
16  710 
19  740 

298  020 
92  160 

355  860 

7  590 
2  220 
2  250 
1  140 

23  100 
6  300 

23  760 

2  880 
960 
1  950 
1  560 
1  500 

1  800 

2  340 

1  590 
420 
960 

1  560 
31  140 

4  860 

9  600 

236  680 

102  420 

100  920 

68  820 

38  970 

78  840 

116  700 

43  410 
22  320 
32  580 
34  320 
25  650 
27  960 
62  640 

39  240 
17  880 

-61 

Black  sandy  loam 

41  670 

-10.2 

Peaty  loam  on  sand 

271  560 

-01 

Deep  peat' 

75  330 

-02 
-13 

Medium  peat  on  clay 

Clayey  muck 

74  940 
79  020 

Limegtone  and  Soil  Acidity. — In  connection  with  these  tabulated  data  it  should  be  ex- 
plained that  the  figures  on  limestone  content  and  soil  acidity  are  omitted  not  because  of  any 
lack  of  importance  of  these  factors,  but  rather  because  of  the  pecuUar  difficulty  of  presenting 
in  general  averages  adequate  information  concerning  the  limestone  requirement.  The  lime- 
stone reouirement  for  sous  is  extremely  variable.  It  may  vary  from  farm  to  farm,  and  even 
from  field  to  field.  Therefore  no  attempt  is  made  to  include  in  these  tables  figures  purporting 
to  represent  for  the  various  types  the  limestone  content  or  the  soil  acidity  present.  The  need 
for  lunestone  should  be  determined  on  every  farm  and  for  each  field  individually.  Fortu- 
nately this  can  be  easily  done  by  the  simple  tests  described  in  the  Appendix  to  this  report, 
page  37. 

'Amounts  reported  are  for  3  million  pounds  of  deep  peat. 
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With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  this  soil 
containing  no  more  of  that  essential  element  than  would  be  required  for  about 
thirteen  crop  rotations  yielding  at  the  rates  suggested  above.  On  the  other 
hand  the  amount  of  potassium  in  the  surface  layer  of  this  common  soil  type  is 
sufficient  for  more  than  31  centuries  if  only  the  grain  is  sold,  or  for  more  than 
600  years  if  the  total  crops  should  be  removed  from  the  land  and  nothing 
returned. 

These  general  statenients  relating  to  the  total  quantities  of  these  plant-food 
materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly 
emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements  of 
fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop  yields 
for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

* 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types.  It  should  be  remembered,  however,  that 
these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.  These  tables 
also  show  great  stores  of  potassium  in  the  prevailing  types  of  soil  but  only 
limited  amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for 
the  corresponding  surface  samples. 

DESCRIPTION  OF  INDIVIDUAL  SOIL  TYPES 

(a)     UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  Iroquois  county  cover  882  square  .miles,  or  78.5 
percent  of  the  area  of  the  county.  They  usually  occupy  the  less  eroded  areas 
of  the  upland.  They  are  black  or  brown  in  color,  owing  to  their  high  organic- 
matter  content.  This  land  was  originally  covered  with  prairie  grasses  the 
partially  decayed  roots  of  which  have  been  the  source  of  the  organic  matter. 
The  flat,  poorly  drained  areas  contain  the  greater  amounts  of  organic  matter, 
owing  to  the  more  luxuriant  growth  of  the  grasses  there  and  to  the  excessive 
moisture  in  the  soil  which  provided  conditions  better  adapted  for  the  preservation 
of  their  roots. 

Brown  SUt  Loam  (926,  1026,  1126,  1226) 

Brown  silt  loam  is  the  most  extensive  type  in  Iroquois  county,  some  town- 
ships in  the  southern  part  being  made  up  entirely  of  this  type,  while  others  are 
brown  silt  loam  interspersed  with  a  few  very  small  areas  of  black  clay  loam. 
It  covers  an  area  of  681.81  square  miles,  or  practically  60  percent  of  the  area 
of  the  county.  It  is  found  on  land  which  varies  in  topography  from  flat  to 
slightly  rolling.  The  more  rolling  phase  is  found  in  the  northwest  part  of  the 
county  and  on  the  moraines  in  the  vicinity  of  Beaverville  in  the  northeast  part. 

While  this  is  primarily  a  prairie  type,  timber  has  recently  invaded 
it  to  a  slight  extent  in  some  localities.  The  trees  found  on  the  timbered  brown 
silt  loam  are  usually  bur  oak,  wild  cherry,  black  walnut,  ash,  and  elm,  but  their 
occupation  of  the  soil  has  not  been  sufficiently  long  to  change  its  character  to 
any  great  extent. 
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The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  varying  from  a 
yellowish  brown  on  the  more  rolling  areas' to  a  dark  brown  or  black  on  the  more 
nearly  level  and  poorly  drained  tracts.  In  physical  composition  it  varies  to 
some  extent;  but  it  normally  contains  from  55  to  75  percent  of  the  different 
grades  of  silt.  In  the  lower  areas  the  proportion  of  clay  is  usually  higher  than 
on  the  more  rolling  parts,  where  a  perceptible  amount  of  sand  may  occur.  With 
the  flooding  of  a  very  large  part  of  the  county  during  the  time  of  the  melting 
of  the  glacier,  more  or  less  sand  was  carried  in  and  deposited  on  some  of  the 
lower  parts,  altho  much  of  this  has  received  a  deposit  of  fine  silt  and  clay.  Some 
of  the  sand  was  carried  to  the  higher  lands  by  the  wind  and  became  mixed  with 
the  soil,  forming  a  sandy  loam  or  a  sandy  phase  of  the  silt  loam. 

The  organic-matter  content  of  the  surface  soil  varies  from  about  4  to  6 
percent,  depending  on  topography,  and  averages  about  5.3  percent,  or  53  tons 
per  acre.  In  small  areas  on  the  more  rolling  parts  of  the  moraines  erosion  has 
occurred  to  such  an  extent  that  the  type  has  been  changed,  but  these  areas  are 
not  large  enough  to  map.  In  this  county  the  organic-matter  content  is  about 
the  same  in  amount  in  the  early  and  the  late  Wisconsin  glaciations. 

The  natural  subsurface  is  represented  by  a  stratum  which  varies  from  S 
to  16  inches  in  thickness.  This  variation  is  due  either  to  erosion,  or  to  the  fact 
that  more  shallow-rooting  grasses  usually  grew  on  the  higher  and  better-drained 
land,  or  to  both  of  these  causes.  Erosion  removed  some  of  the  surface  soil  from 
the  steeper  parts  and  deposited  it  on  the  lower  land,  thus  leaving  a  thinner  layer 
of  the  dark  soil  in  one  case  and  producing  a  thicker  one  in  the  other.  The 
physical  composition  of  the  subsurface  varies  in  somewhat  the  same  manner  as 
the  surface.  In  some  parts,  especially  on  the  moraines  of  the  late  Wisconsin 
glaciation,  the  glacial  till  constitutes  part  or  all  of  the  subsurface  soil. 

The  organic-matter  content  is  about  the  same  in  both  glaciations,  but  varies 
with  topography  the  same  as  the  surface  soil.  The  average  is  about  2.6  percent, 
or  52  tons  per  acre  in  a  stratum  twice  the  thickness  of  the  surface  soil.  In  color 
the  subsurface  varies  from  a  yellowish  brown  to  dark  brown  or  almost  black, 
always  changing  to  a  lighter  color  with  increasing  depth. 

The  natural  subsoil  begins  at  a  depth  of  12  to  22  inches  and  extends  to 
an  indefinite  depth  but  is  sampled  from  20  to  40  inches.  It  varies  from  a  yellow 
to  a  drabbish  yellow,  silty,  clayey  material,  sometimes  composed  wholly  or  in  part 
of  boulder  clay.  This  applies  especially  to  the  late  Wisconsin  glaciation.  In 
the  fiat  areas  that  are  not  subject  to  erosion,  but  where  material  has  been  washed 
in  from  the  higher  surrounding  land,  the  subsoil  to  a  depth  of  40  inches  may  not 
reac&  the  boulder  clay. 

In  general,  the  three  strata  of  this  type  are  formed  from  either  wind-blown 
loessial  material,  boulder  clay,  or  from  material  deposited  in  shallow  water.  A 
phase  of  brown  silt  loam  is  found  on  the  moraines  in  the  county  where,  because 
of  the  removal  of  part  of  the  fine  loessial  material,  the  glacial  drift  is  encountered 
at  less  than  30  inches  from  the  surface.  If  the  drift  is  quite  compact,  as  is 
occasionally  the  case,  this  gives  rise  to  a  subsoil  that  is  somewhat  inferior,  owing 
to  its  less  pervious  character.  This  condition,  however,  does  not  occur  very 
frequently  nor  does  it  include  large  areas,  since  most  of  the  glacial  drift  is  per- 
vious and  some  is  even  gravelly. 
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Management, — Originally  when  the  virgin  brown  silt  loam  was  first  cropi>ed, 
it  was  in  fine  tilth,  worked  easily,  and  large  crops  could  be  grown  with  much 
less  work  than  now.  Continuous  cropping  to  com,  or  to  com  and  oats,  with 
the  burning  of  com  stalks,  stubble,  grass,  and  even  straw  in  many  cases,  has 
in  a  great  measure  destroyed  the  tilth,  so  that  now  the  soil  is  more  diflScult  to 
work,  washes  rather  badly,  runs  together,  and  bakes  more  readily  than  formerly. 
Unless  the  moisture  conditions  are  very  favorable,  the  ground  wiU  plow  up 
cloddy,  with  the  result  that  unless  well-distributed  rains  follow,  a  good  seed 
bed  is  difScult  to  produce.  The  clods  may  remain  all  season.  Much  plant  food 
wiU  be  locked  up  in  them,  and  the  best  results  cannot  be  obtained.  This  con- 
dition of  poor  tilth  may  become  serious  if  the  present  methods  of  management 
continue ;  in  some  cases  it  is  already  one  of  the  factors  that  limits  crop  yields.  The 
remedy  is  to  use  a  rotation  having  a  clover  crop  and  to  increase  the  organic-matter 
content  by  plowing  under  every  available  form  of  vegetable  material,  such  as 
farm  manure,  com  stalks,  straw,  clover,  stubble,  and  even  weeds.  Fresh  organic 
matter  is  not  only  of  great  value  in  improving  the  physical  condition  of  this 
type  of  soil,  but  it  is  equally  important  because  of  its  nitrogen  content,  and 
also  because  of  its  power,  as  it  decays,  to  liberate  potassium  from  the  inexhaustible 
supply  in  the  soil,  and  phosphorus  from  the  phosphate  contained  in  or  applied 
to  the  soil. 

The  deficiency  of  organic  matter  in  the  soil  is  shown  by  the  way  the  fall- 
plowed  land  runs  together  during  the  winter,  or  at  any  time  when  heavy  rains 
occur.  Fall-plowed  land  should  be  disked  early  and  deep  for  the  purpose  of 
conserving  moisture,  raising  the  temperature,  and  making  plant  food  available. 

For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  be  applied  liberally,  and  sufficient  organic  matter  should  be  pro- 
vided to  furnish  the  necessary  amount  of  nitrogen.  On  the  ordinary  phase  of 
the  type  limestone  is  already  becoming  deficient  in  the  upper  strata  altho  it 
often  exists  in  considerable  quantity  in  the  subsoil.  For  the  permanent  improve- 
ment of  this  soil  an  application  of  2  tons  of  limestone  and  %  ton  of  finely 
ground  rock  phosphate  per  acre  about  every  four  years  should  be  made,  with  the 
return  to  the  soil  of  all  manure  made  in  a  rotation. 

Suggestions  for  practical  systems  of  cropping  will  be  found  in  the  discussion 
of  crop  rotations  in  the  Appendix,  on  page  42.  For  the  results  of  actual  field 
experiments  in  improving  the  soil  of  the  brown  silt  loam  type  the  reader  is 
referred  to  page  46  of  the  Supplement. 

Black  Clay  Loam  (920,  1120) 

Black  clay  loam  represents  the  flat  prairie  land  that  was  formerly  swampy. 
It  is  sometimes  called  ** gumbo*'  because  of  its  sticky  character.  Its  occurrence 
in  the  flat  poorly  drained  areas  is  due  to  the  accumulation  of  organic  matter 
and  to  the  washing  in  of  clay  and  fine  silt  from  the  higher  adjoining  areas. 
Aside  from  a  large  body  of  this  type  found  in  the  northwest  part  of  the  county, 
black  clay  loam  occurs  mainly  in  the  south-central  part,  scattered  about  in  small 
areas.  This  type  occupies  80.46  square  miles,  or  7.16  percent  of  the  area  of  the 
county. 
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The  surface  soil,  0  to  6%  inches,  is  a  black,  plastic,  granular,  clay  loam 
varying  locally  to  a  black  clayey  silt  loam,  or  even  to  a  black  sandy  clay  loam. 
In  physical  composition,  it  varies  somewhat  as  it  grades  into  other  types.  Often 
it  contains  a  perceptible  amount  of  sand,  and  even  gravel  may  be  present.  In 
some  places  that  were  formerly  sloughs  the  water  has  deposited  gravel  in  suffi- 
cient abundance  to  form  a  gravelly  black  clay  loam.  The  organic-matter  con- 
tent varies  from  4.7  to  6.4  percent,  with  an  average  of  5.5  percent,  or  55  tons 
per  acre. 

The  natural  subsurface  stratum  has  a  thickness  of  10  to  16  inches.  It  varies 
from  a  black  to  a  brownish  drab  clay  loam  and  is  usually  somewhat  heavier  than 
the  surface  soil.  It  grades  into  a  dull  yellow  or  a  drabbish  or  olive-colored 
material  with  depth.  The  average  organic-matter  content  of  the  stratum  sampled 
(6%  to  20  inches)  is  about  2.4  percent,  or  48  tons  per  acre.  The  stratum  is 
usually  rather  pervious  to  water,  owing  to  jointing  or  checking  from  shrinkage 
in  times  of  drouth,  to  the  penetration  of  plant  roots,  and  to  the  action  of  cray- 
fish and  other  animals.  Some  exceptions  to  this  are  found  where  it  grades 
toward  brown-gray  silt  loam  on  tight  clay  (1128)  and  brown  silt  loam  on  tight 
clay  (1128.1).  Here  the  lower  strata  become  somewhat  impervious  and  drain- 
age is  slow.  These  areas  occur  principally  west  of  the  Iroquois  river  in  Town- 
ships 27  and  28  North. 

The  subsoil  to  a  depth  of  40  inches  varies  in  composition  from  a  clayey  silt 
to  a  very  heavy  clay,  and  in  color  from  a  dull  drabbish  yellow  to  drab  or  olive. 
Because  of  poor  natural  drainage,  the  iron  in  the  subsoil  is  not  highly  oxidized. 
Concretions  of  lime  carbonate  are  frequently  found.  The  perviousness  of  the 
subsoil  is  about  the  same  as  that  of  the  subsurface  and  is  due  to  the  same  causes. 
When  thrown  out  on  the  surface  where  wetting  and  drying  may  take  place,  it 
soon  breaks  into  small  irregular  masses  about  one-fourth  to  one-half  inch  square. 

The  black  clay  loam  presents  many  variations.  It  may  change  with  a  differ- 
ence of  only  a  foot  or  two  in  elevation.  In  this  county,  as  elsewhere,  the  boundary 
lines  between  the  black  clay  loam  and  the  brown  silt  loam  are  not  always 
distinct.  Sometimes  on  the  border  between  these  two  types  the  subsoil  is  dis- 
tinctly that  of  black  clay  loam,  while  the  surface  soil  is  very  silty,  or  is  a  good 
brown  silt  loam.  The  washing  in  of  silty  material  from  the  surrounding  higher 
lands,  especially  near  the  edges  of  the  areas,  modifies  the  character  of  the  soil, 
giving  it  a  brown  silt  loam  surface.  With  the  annual  cultivation  of  the  soil 
this  change  is  taking  place  more  rapidly  now  than  formerly  when  washing  was 
largely  prevented  by  prairie  grasses.  Many  small  areas  of  black  clay  loam  in  the 
more  rolling  parts  are  being  slowly  buried  by  this  process. 

The  areas  of  heavier  subsoil  are  found  in  Townships  27  and  28  North, 
Ranges  10  and  11  East,  and  13  and  14  West.  This  constitutes  an  old  lake 
floor  which  was  covered  with  a  deposit  of  very  fine  material. 

Maviagement. — Drainage  is  the  first  requirement  in  the  management  of  this 
type  and,  if  the  outlet  is  obtainable,  this  may  usually  be  accomplished  with  little 
difficulty.  An  exception  is  foimd  west  of  the  Iroquois  river  in  parts  of  Town- 
ships 27  and  28,  where  drainage  is  prevented  by  tight  clay  subsoil.  Thoro  drain- 
age helps  to  keep  the  soil  in  good  physical  condition  and  is  very  necessary. 
After  the  organic  matter  is  necessarily  destroyed  by  the  process  of  nitrification. 
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and  after  the  limestone  is  removed  by  cropping  and  leaching,  the  physical 
condition  of  the  soil  becomes  poorer,  and  as  a  consequence  more  difficult  to 
work.  Both  organic  matter  and  limestone  tend  to  develop  granulation  and 
mellowness,  which  are  very  essential  with  heavy  soils.  The  organic  matter 
should  be  maintained  by  turning  under  manure  and  such  crop  residues  as  com 
stalks  and  straw,  and  by  the  use  of  clover  and  pasture  in  rotations. 

The  use  of  limestone  will  probably  be  of  little  or  no  value  on  most  of  this 
soil  because  the  subsoil  and  subsurface  are  usually  naturally  charged  with 
carbonates.  Because  of  possible  exceptions  to  this  condition,  however,  it  is 
recommended  that  the  test  for  the  presence  of  carbonates  described  in  the 
Appendix,  page  37,  be  made;  and  if  carbonates  are  not  found  within  a  foot 
of  the  surface,  a  moderate  application  of  limestone,  say  2  tons  per  acre,  should 
be  made. 

For  building  up  this  type  of  soil  to  its  highest  state  of  fertility  the  phos- 
phorus content  ought  to  be  increased.  This  may  be  well  accomplished  by  the 
use  of  rock  phosphate  applied  at  the  rate  of  one-half  ton  per  acre  once  daring 
each  crop  rotation. 

While  the  black  clay  loam  is  one  of  the  most  productive  soils  in  the  state, 
yet  its  high  content  of  clay  and  humus  imparts  a  tendency  to  shrink  and  expand 
to  such  a  degree  as  to  be  objectionable  at  times,  especially  during  drouth.  The 
clay  and  humus  expand  when  the  soil  is  wet,  and  shrink  when  the  moisture 
evaporates  or  is  used  by  the  growing  crop.  This  results  in  the  formation  of  cracks, 
which  are  sometimes  as  much  as  two  or  more  inches  in  width  at  the  surface 
and  extend  with  lessening  width  to  two  or  three  feet  in  depth.  These  cracks 
allow  the  soil  to  dry  out  more  rapidly,  and  as  a  result  the  crop  is  injured  thru 
lack  of  moisture.  They  do  much  damage  by  ** blocking  out"  hills  of  com  and 
severing  the  roots.  While  cracking  may  not  be  prevented  entirely,  good  tilth 
with  a  soil  mulch  will  do  much  toward  that  end. 

Cultivation  is  more  essential  on  this  type,  both  for  aeration  and  for  the 
conservation  of  moisture,  than  on  almost  any  other  type  in  the  county.  It 
must  be  remembered,  however,  that  cultivation  should  be  as  shallow  as  possible 
in  order  to  prevent  injury  to  the  roots  of  com.     (See  Bulletin  181.) 

Occasional  small  patches  of  alkali  soil  are  found  in  areas  of  black  clay  loam. 
These  spots  are  indicated  by  the  fact  that  oats  lodge  badly  and  com  makes  a 
poor  growth,  usually  turning  yellow  or  brown.  If  the  amount  of  alkali  is  large, 
the  com  may  not  grow  to  a  height  of  more  than  two  or  three  feet  and  will  have 
a  bushy  appearance.  Even  if  it  reaches  almost  normal  height,  it  does  not 
produce  much  grain.  The  fragments  of  shells  that  are  frequently  found  are 
indications  of  alkali. 

The  results  of  field  experiments  on  black  clay  loam  are  given  on  page  54 
of  the  Supplement. 

Brown  Sandy  Loam  (960,  1060,  1160,  1260) 

The  brown  sandy  loam  of  the  upland  is  confined  very  largely  to  the  northern 
three-fifths  of  the  county.  The  southern  two  tiers  of  townships  contain  com- 
paratively small  areas,  the  largest  being  in  the  east  part  along  Mud  and  Sugar 
creeks.    Much  the  larger  area  is  found  in  the  northeast  part  of  the  county  north 
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of  Woodland  Junction.  A  low,  broad  ridge  of  sandy  loam  that  probably  repre- 
sents the  southern  shore  line  of  the  old  lake  extends  east  and  west  thru  Onarga. 
Another  area  is  found  below  the  Marseilles  moraine  in  the  northwest  part  of  the 
county.  This  type  is  very  irregularly  distributed,  being  mixed  with  the  brown 
silt  loam,  into  which  it  grades.  It  covers  altogether  an  area  of  106.37  square 
miles,  or  about  9.5  percent  of  the  area  of  the  county.  Its  formation  is  due 
either  to  overflow  by  glacial  drainage  or  to  the  action  of  the  wind  in  carrying  the 
sand  from  the  overflow  regions  to  the  higher  ones.  It  varies  in  topography 
from  slightly  rolling  to  flat. 

.  The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  varying  in  color 
from  a  light  brown  to  a  black  and  in  physical  composition  from  a  loam  with 
about  50  percent  of  sand  to  a  very  sandy  loam  carrying  75  percent,  or  slightly 
more,  of  sand.  Many  small  areas  of  sand  are  found  in  this  type  but  they  are 
too  small  to  be  shown  separately  on  the  map.  A  representative  sample  would 
contain  from  60  to  65  percent  of  sand,  mostly  of  medium  grade.  The  organic- 
matter  content  varies  from  4.5  to  5.2  percent  with  an  average  of  5  percent,  or 
50  tons  per  acre. 

The  natural  subsurface  stratum  varies  in  thickness  from  7  to  12  inches,  and 
in  color  from  dark  brown  to  brownish  yellow,  usually  passing  into  a  yellow 
sandy  silt  or  silty  sand  in  the  lower  part  of  the  stratum.  In  physical  compo- 
sition it  varies  even  more  than  the  surface  layer.  The  organic-matter  content 
of  the  stratum  sampled  (6%  to  20  inches)  is  about  2  percent,  or  40  tons  per 
acre  in  four  million  pounds. 

The  subsoil  varies  both  in  color  and  in  physical  composition.  The  color  may 
be  a  bright  yellow  under  conditions  of  good  drainage,  or  a  drabbish  yellow  where 
the  water  table  has  been  rather  high.  In  composition,  it  may  be  sand,  silt,  or 
clayey  silt.  As  a  general  rule,  the  subsoil  of  the  poorly  drained  areas  is  heavier 
than  that  of  the  higher  and  more  rolling  parts.  In  some  cases  the  subsoil  of  the 
more  rolling  land  may  be  formed  from  boulder  clay. 

Management. — This  type  in  many  places  needs  drainage  and,  because  of 
the  pervious  character  of  the  subsoil,  this  is  easily  accomplished  by  tiling.  For 
a  sandy  loam,  the  soil  is  reasonably  well  supplied  with  all  elements  of  plant  food. 
Where  carbonates  are  absent,  limestone  should  be  used  liberally;  applications 
of  2  to  3  tons  per  acre  should  be  made.  A  rotation  including  legumes  should 
be  practiced  and  organic  residues  should  be  returned  to  the  soil.  Where  this  is 
done,  sufficient  phosphorus  and  potassium  are  likely  to  be  liberated  for  satis- 
factory results  for  many  years  to  come,  altho  ultimately  one  or  both  of  these 
elements  may  need  to  be  supplied — phosphorus  first  on  the  more  compact  phase, 
and  potassium  first  on  the  more  sandy  areas. 

Alkali  patches  occur  in  considerable  numbers,  especially  on  the  lower  areas 
which  contain  the  highest  percentage  of  organic  matter.  The  growth  of  sweet 
clover  is  recommended  for  these  areas.  One  to  two  hundred  pounds  per  acre 
of  potassium  salts  may  be  applied  on  these  alkali  spots  with  good  results. 

Dune  Sand  (1081,  1181) 

The  upland  dune  sand  covers  an  area  of  2,976  acres.  Its  origin  is  due  almost 
entirely  to  the  blowing  of  sand  from  lower,  sandy  areas  to  the  upland.    The  type 
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occurs  principally  in  a  few  isolated  areas  where  sandy  loam  prevails.  In  topog- 
raphy it  varies  from  flat  to  rolling  with  many  rounding  elevations  20  to  40  feet 
high. 

The  surface  soU,  0  to  6%  inches,  varies  from  a  yellow  sand  to  a  brownish 
yellow  loamy  sand,  composed  largely  of  material  of  medium  grade.  The  soil  is 
low  in  organic  matter,  having  an  average  of  only  about  1.2  percent,  or  12  tons 
per  acre  in  the  plowed  soil. 

The  subsurface  consists  of  yellow  sand,  with  about  .6  percent  of  organic 
matter. 

The  subsoil  is  much  the  same  as  the  subsurface  except  that  its  organic- 
matter  content  is  slightly  lower. 

Management. — The  upland  sand  dunes  should  be  treated  in  the  same  way 
as  those  of  the  terrace  (see  page  22).  These  dunes  have  usually  been  covered 
with  scattering  oak  trees,  chiefly  Quercus  marylandica, 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1128) 

Brown-gray  silt  loam  on  tight  clay  occurs  almost  entirely  in  Townships  27 
and  28  North,  Ranges  13  and  14  West.  None  is  found  east  of  the  Iroquois  river, 
at  least  not  in  areas  sufficiently  large  to  be  shown  on  the  map.  This  type  is  flat 
in  topography,  having  been  formed  by  deposition  from  the  waters  of  a  shallow 
lake.  A  considerable  degree  of  acidity  has  developed,  and  this  may  have  aided 
in  the  formation  of  this  peculiar  type.  The  area  covered  by  this  type  is  851 
acres. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam,  but  it  develops  a 
grayish  tint  when  it  becomes  dry  after  a  rain.  The  color  of  the  surface,  however, 
is  not  uniform ;  there  may  be  patches  of  different  shades  of  gray  mixed  in  with 
the  darker  soil,  giving  it  a  mottled  appearance  somewhat  similar  to  the  scalds 
of  southern  Illinois.  The  organic-matter  content  is  about  3.8  percent,  or  38 
tons  per  acre. 

The  natural  subsurface  consists  of  a  layer  from  7  to  10  inches  in  thickness 
which  varies  from  a  brown  silt  loam  to  a  grayish  silt  or  a  clayey  silt.  The  upper 
part  of  the  subsurface  is  about  the  same  color  as  the  surface  soil,  or  it  may  be 
lighter.  This  is  underlain  by  a  grayish  stratum  varying  from  2  to  8  inches  in 
thickness,  which  is  followed  by  a  heavy  subsoil. 

The  subsoil  stratum  is  a  heavy,  plastic,  impervious,  yellowish  clay  that 
extends  to  a  depth  of  several  feet.  It  is  sometimes  underlain  by  a  stratum  of  sand, 
but  this  is  so  deep  that  it  has  little  or  no  effect  on  drainage. 

Management. — Altho  this  type  needs  drainage  very  badly,  it  is  difficult  to 
drain  because  of  the  level  topography  and  the  impervious  subsoil.  According  to 
the  samples  analyzed  it  is  also  acid  and  will  require  limestone  to  correct  the 
acidity  and  to  put  it  into  condition  for  growing  clovers  to  the  best  advantage. 
About  2  to  4  tons  of  limestone  per  acre  is  reeonunended.  The  phosphorus  content 
is  about  the  same  as  that  of  the  brown  silt  loam,  and  for  permanent  improvement 
this  element  should  be  supplied.  In  the  management  of  this  soil  one  very 
important  consideration  is  the  increasing  of  the  organic-matter  content.  To  do 
this,  all  forms  of  crop  residues  should  be  turned  under,  as  well  as  legume  crops. 
Deep-rooting  crops  should  be  grown  to  open  up  the  subsoil. 
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Brown  Silt  Loam  on  Tight  Clay  (1128.1) 

Brown  silt  loam  on  tight  clay  occurs  in  the  same  region  as  brown-gray  silt 
loam  on  tight  clay,  but  is  a  slightly  better  soil  because  of  the  absence  of  the  gray 
stratum  in  the  subsurface  and  the  presence  of  a  more  pervious  subsoil.  This 
type  covers  an  area  of  4,710  acres. 

T\e  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  which  shows  a  grayish 
lint  after  becoming  dry.  The  color,  however,  is  not  uniform,  being  lighter  in 
some  parts  than  in  others.  This  gives  a  field  the  same  mottled  appearance  that 
is  seen  in  the  preceding  type.  The  stratum  contains  about  4  percent  of  organic 
matter,  or  40  tons  per  acre. 

The  subsurface  consists  of  a  brown  silt  loam  which  passes  into  a  heavy 
brownish  clayey  material  at  12  to  15  inches  in  depth.  The  stratum  sampled 
(6%  to  20  inches)  has  about  2  percent  of  organic  matter,  or  40  tons  per  acre. 

The  subsoil  consists  of  a  yellowish  or  drabbish  yellow  clay,  very  plastic  and 
tough.  It  is  rather  impervious,  with  the  result  that  drainage  does  not  take  place 
very  readily. 

Management — Because  the  type  is  usually  lacking  in  limestone  in  the  upper 
strata,  an  application  of  2  tons  per  acre  of  this  material  is  recommended.  Drain- 
age is  very  difficult  because  of  the  tight  subsoil,  and  in  order  to  drain  it  well  the 
lines  of  tile  must  necessarily  be  placed  much  closer  than  in  the  brown  silt  loam 
(1126).  The  requirement  as  to  organic  matter  is  the  same  as  for  the  preceding 
type.    Deep-rooting  crops  such  as  sweet  clover  will  be  of  great  benefit. 

(b)     UPLAND  TIMBER  SOILS 

The  upland  timber  soils  include  nearly  all  the  upland  areas  that  are  now, 
or  have  been,  covered  with  forests.  These  soils  contain  much  less  organic  matter 
than  those  of  the  prairie  because  of  the  difference  in  the  vegetation  that  covered 
them.  In  forests  the  vegetable  material  from  trees  accumulates  upon  the  surface 
and  is  either  burned  or  suffers  almost  complete  decay.  Grasses,  which  furnish 
large  amounts  of  humus-forming  roots,  do  not  grow  to  any  extent  because  of  the 
shade.  Moreover,  the  organic  matter  that  had  accumulated  before  the  timber 
began  growing  is  removed  thru  various  decomposition  processes,  with  the  result 
that  in  these  soils  generally  the  content  of  nitrogen  and  organic-matter  has  become 
too  low  for  the  best  growth  of  farm  crops. 

The  total  area  of  upland  timber  soils  in  the  county  is  24.40  square  miles, 
or  2.17  percent  of  the  area  of  the  county. 

Yellow-Gray  Silt  Loam  (934,  1034,  1134,  1234) 

Yellow-gray  silt  loam  is  not  very  extensive  in  this  county,  altho  it  is  dis- 
tributed along  most  of  the  courses  of  the  larger  streams,  where  it  forms  a  narrow 
belt  on  either  side.  The  area  covered  by  this  type  is  16.74  square  miles,  or  about 
10,000  acres.  In  topography,  it  is  undulating  to  slightly  rolling  and  usually  has 
good  surface  drainage. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  or  yellowish  gray  silt  loam, 
incoherent  and  mealy  but  not  granular.  In  physical  composition  it  varies  accord- 
ing to  its  relation  to  other  types.    Where  it  occurs  in  the  sandy  loam  areas  it 
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frequently  becomes  somewhat  sandy,  and  very  small  areas  may  contain  enough 
sand  to  be  mapped  as  sandy  loam.  White  oak  and  hickory  are  common  trees 
on  this  type.  The  organic-matter  content  is  about  2.1  percent,  or  21  tons  per 
acre.  The  amount  increases  where  the  type  grades  into  the  brown  silt  loam 
which  usually  borders  it. 

The  natural  subsurface  stratum  varies  from  3  to  10  inches  in  thickness.  In 
color  it  is  gray,  grayish  yellow,  or  yellow.  It  is  somewhat  pulverulent,  but 
becomes  more  coherent  and  plastic  with  increasing  depth.  The  amount  of 
organic  matter  of  the  stratum  sampled  (6%  to  20  inches)  is  about  .7  percent. 

The  subsoU  ia  a  yellow  or  grayish  yellow  clayey  silt  or  silty  clay,  somewhat 
plastic  when  wet  but  pervious  to  water.  Sometimes  the  subsoil  is  made  up  wholly 
or  in  part  of  glacial  material.  The  type  as  mapped  includes  some  narrow,  steep 
slopes  along  the  bottom  lands  of  streams,  that  are  really  yellow  silt  loam  but  are 
too  narrow  tp  be  shown  as  such  on  the  map. 

Management.: — ^In  the  management  of  yellow-gray  silt  loam,  one  of  the  most 
essential  considerations  is  the  maintenance  or  increase  of  organic  matter.  This 
is  much  more  necessary  with  the  yellow-gray  silt  loam  than  with  the  brown  silt 
loam  because  of  the  fact  that  this  soil  is  naturally  much  lower  in  organic  matter, 
having  only  about  two-fifths  as  much  as  the  brown  silt  loam.  The  deficiency 
of  organic  matter  causes  the  soil  to  run  together,  in  the  freezing  and  thawing 
of  winter  and  in  the  wetting  by  the  heavy  rains  of  spring  and  summer.  Organic 
matter  will  help  to  prevent  washing  on  the  more  rolling  areas.  As  it  decays, 
it  supplies  nitrogen  and  at  the  same  time  tends  to  liberate  other  plant-food 
elements,  as  explained  in  the  Appendix. 

Since  the  soil  is  sometimes  acid,  it  is  often  necessary  to  apply  2  or  3  tons 
per  acre  of  ground  limestone  before  the  best  results  can  be  obtained  with  legumes. 
Later  applications  may  be  smaller.  The  growth  of  legumes  is  very  essential 
since  they  furnish  organic  matter  to  turn  back  into  the  soil  and  at  the  same 
time  supply  the  necessary  nitrogen.  But  all  forms  of  organic  matter,  such  as 
com  stalks,  manure,  and  weeds  are  of  value  and  they  should  be  turned  into  the 
soil  rather  than  burned.  An  application  of  about  V2  to  1  ton  of  rock  phosphate 
per  acre  should  be  made  about  eveiy  four  years,  preferably  when  the  legume  or 
manure  is  turned  under  or  else  preceding  the  sowing  of  clover.  For  the  results  of 
field  experiments  on  this  type  of  soil  the  reader  is  referred  to  page  55  of  the 
Supplement. 

Yellow-Gray  Sandy  Loam  (1164,  1264) 

.  With  only  a  few  exceptions,  the  yellow-gray  sandy  loam  occurs  adjacent  to 
the  streams  in  a  manner  similar  to  the  yellow-gray  silt  loam.  The  type  is  usually 
slightly  rolling.    It  covers  an  area  of  2,867  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  gray  to  yellow-gray  sandy  loam  con- 
taining about  .75  percent  of  organic  matter,  or  7.5  tons  per  acre. 

The  subsurface  is  a  sandy  loam  varying  in  color  from  yellow  to  grayish 
yellow.    It  contains  almost  as  much  organic  matter  as  the  surface  soil. 

The  subsoU  varies  considerably,  being  made  up  in  some  places  of  a  yellowish, 
sandy,  clayey  material,  w^hile  in  others  it  is  composed  of  boulder  clay,  and  in 
still  others,  of  sand. 
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Management. — As  a  type,  the  yellow-gray  sandy  loam  is  somewhat  inferior 
to  most  other  soils  of  the  county.  It  is  low  in  practically  all  elements  of  fer- 
tility. In  the  samples  examined  carbonates  were  lacking  even  in  the  subsoil. 
Where  such  a  condition  exists  2  to  4  tons  of  limestone  per  acre  should  be  applied 
so  that  legumes  will  grow  well.  The  legumes  should  be  turned  under  to  increase 
the  amount  of  nitrogen  which  is  now  much  too  low  for  a  productive  soil.  All 
organic  residues  should  be  put  back  into  the  soil  for  the  same  purpose.  The 
type  is  low  in  phosphorus,  and  ultimately  this  element  must  be  supplied  if  the 
best  results  are  to  be  obtained  in  the  growth  of  crops.  This  element  can  be 
built  up  by  the  application  of  about  ^  to  1  ton  per  acre  of  rock  phosphate  once 
in  the  rotation  for  two  or  three  rotations,  and  thereafter  a  quantity  sufficient 
to  replace  what  is  removed  by  crops. 

Yellow  SUt  Loam  (1135) 

Yellow  silt  loam  is  found  on  steep  slopes  along  the  streams,  and  its  origin 
is  due  to  erosion.    It  covers  an  area  of  1,011  acres. 

The  surface  soil,  0  to  6%  inches,  consists  of  a  yellow  to  brownish  yellow 
silt  loam  varying  in  composition  from  a  sandy  material  on  the  one  hand  to  a 
rather  heavy  phase  on  the  other.  The  surface  stratum  contains  about  2.4  per- 
cent of  organic  matter,  or  24  tons  per  acre. 

The  subsurface  is  a  yellow  silty  or  sandy  material  varjdng  toward  a  silty 
clay.    The  stratum  contains  about  one  percent  of  organic  matter. 

The  subsoil  is  a  yellow  clayey  silt  and  in  many  cases  is  formed  from  boulder 
clay. 

The  type  is  usually  not  under  cultivation  and  can  be  used  only  for  pasture. 

Yellow-Gray  SUt  Loam  on  Tight  Clay  (1138) 

Yellow-gray  silt  loam  on  tight  clay  occurs  only  in  Township  27  North, 
Range  13  West.    It  covers  only  1,024  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  gray  or  yellowish  gray  silt  loam  con- 
taining about  2.9  percent  of  organic  matter,  or  29  tons  per  acre. 

The  subsurface  is  a  grayish  yellow  silt  loam  passing  into  a  heavy  impervious 
stratum  at  about  15  to  17  inches.  It  contains  1.3  percent  of  organic  matter  or 
26  tons  per  acre  in  four  million  pounds  of  soil. 

The  subsoil  is  a  stiff,  impervious  clay,  varying  from  yellow  to  drabbish 
yellow  in  color. 

Management, — The  greatest  needs  of  this  type  are  limestone  and  legume 
crops.  The  subsurface  is  usually  quite  acid,  altho  the  subsoil  in  some  places 
contains  a  small  amount  of  limestone.  Fortunately  this  very  poor  type  of  soil 
covers  but  a  small  area. 

(c)     TERRACE  SOILS 

The  terrace  soils  of  Iroquois  county  are  formed  in  two  ways :  first,  as  gravel 
outwash  plains  from  the  melting  glacier;  and  second,  as  gravel  fills  in  stream 
valleys.  The  extensive  areas  along  Beaver  creek  and  in  the  vicinity  of  Pittwood, 
also  south  and  east  of  Crescent,  are  of  the  former  formation  while  those  along 
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Sugar  creek  and  the  Iroquois  river  are  of  the  latter.  The  depth  to  the  gravel 
and  sand  varies  to  some  extent,  being  from  24  inches  to  five  feet  or  more.  On 
account  of  the  high  water  table  resulting  from  the  shallow  cuts  of  streams  the 
terrace  types  in  this  county  are  not  easily  drained. 

The  total  area  of  all  the  terrace  types  in  Iroquois  county  is  167.49  square 
miles,  or  nearly  15  percent  of  the  area  of  the  coiuity. 

Brown  Sandy  Loam  (1560) 

The  brown  sandy  loam  of  the  terrace,  is  one  of  the  most  common  types  in 
Iroquois  county.  It  covers  108.30  square  miles,  or  nearly  10  percent  of  the 
area  of  the  county.  It  does  not  differ  very  much  in  composition  from  the  upland 
sandy  loam. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  varying  in  color 
from  black  to  light  brown,  and  in  composition  from  a  loam  to  a  sand.  A  repre- 
sentative sample,  however,  will  contain  about  65  to  70  percent  of  sand.  The 
organic-matter  content  varies  from  3  to  8  percent,  with  an  average  of  about  5.1 
percent,  which  is  equivalent  to  51  tons  per  acre. 

The  natural  subsurface  consists  of  a  sandy  loam  layer  varying  in  thickness 
from  6  to  12  inches  and  in  color  from  black  to  brownish  or  yellowish.  The 
organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches)  is  about  1.7 
percent,  or  34  tons  per  acre. 

The  subsoU  is  a  yellow  to  drabbish  yellow  clayey  sand  varying  to  a  sandy 
clay,  and  is  readily  pervious  to  both  air  and  water.  Liinestone  is  sometimes 
found  in  the  subsoil. 

Management, — The  analysis  of  samples  taken  from  different  locations  show 
great  variation  with  respect  to  the  limestone  requirement.  In  some  localities 
carbonates  are  abundant  in  all  strata  analysed,  while  in  other  places  these 
are  absent  in  all  strata.  In  this  situation,  therefore,  it  is  especially  necessary  to 
apply  the  tests  for  acidity  and  carbonates  described  on  page  37  of  the  Appendix. 
If  carbonates  are  not  present  within  a  foot  of  the  surface,  this  fact  may  be 
taken  as  a  sure  indication  that  limestone  is  needed  for  the  thrifty  growth  of 
legumes ;  it  should  be  applied  at  the  rate  of  2  to  4  tons  per  acre.  Phosphorus 
fertilizer  is  not  so  necessary  on  this  kind  of  soil  as  on  the  brown  silt  loam,  owing 
to  the  fact  that  on  this  type  the  roots  of  plants  are  distributed  to  a  greater 
extent  thru  the  soil  and  to  a  greater  depth  than  in  the  brown  silt  loam.  However, 
this  element  is  becoming  somewhat  low  and  in  some  instances  applications  may 
be  profitable,  especially  after  the  stock  of  nitrogen  is  well  built  up. 

Brown  Silt  Loam  (1526) 

Brown  silt  loam  occurs  as  rather  isolated  areas  in  the  terraces  and  covers 
only  2.66  square  miles,  or  1,702  acres. 

The  surface  soil,  0  to  6%  inches,  contains  approximately  the  same  percent- 
age of  organic  matter  as  the  upland  brown  silt  loam.  In  physical  composition 
it  varies  to  a  considerable  extent  according  to  the  surrounding  soil  types,  and 
often  grades  into  a  sandy  loam. 

The  natural  subsurface  is  represented  by  a  stratum  7  to  11  inches  in  thick- 
ness.   It  is  a  brown  silt  loam  which  changes  to  yellow  with  increasing  depth. 


19M1  Iroquois  County  21 

The  subsoil  is  a  yellow  sandy  silt  or  sandy  clay  varying  to  a  yellow  sand. 
It  is  easily  permeated  by  water  and  air. 

Management. — The  type  requires  the  same  treatment  as  the  upland  brown 
silt  loam  (see  page  10). 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  is  found  principally  along  the  streams  and  con- 
stitutes a  part  of  the  true  stream  terrace.  It  covers  an  area  of  13.20  square 
miles,  or  8,448  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  little  lighter  in  color  than  the  upland 
brown  silt  loam.  It  varies  somewhat  in  composition,  being  distinctly  sandy  in 
some  places.    It  contains  about  4.4  percent  of  organic  matter,  or  44  tons  per  acre. 

The  natural  subsurface  comprizes  a  silt  loam  stratum  varying  from  6  to  12 
inches  in  thickness.  It  varies  in  color  from  brown  to  light  brown.  The  stratum 
sampled  (6%  to  20  inches)  contains  about  2.1  percent  of  organic  matter,  or  42 
tons  per  acre. 

The  subsoil  varies  from  a  yellow  silt  to  a  yellow  sandy  silt.  In  some 
instances  gravel  is  found  at  a  depth  of  36  to  48  inches.  This  provides  good 
drainage  where  the  water  table  is  lowered  sufficiently. 

Management, — In  the  samples  examined  the  lower  strata  of  this  type  were 
acid.  In  cases  where  this  is  the  condition,  2  or  3  tons  of  limestone  per  acre  will  be 
required  as  an  initial  application  to  correct  the  acidity  and  thus  provide  favor- 
able conditions  for  the  growth  of  legumes.  About  half  the  amount  of  this  initial 
application  should  be  applied  every  four  years  thereafter,  or  until  the  most 
favorable  conditions  for  the  growth  of  legumes  are  established.  The  same  need 
for  turning  under  legumes  and  organic  residues  exists  in  this  type  as  in  other 
brown  silt  loam  types  of  the  county. 

Yellow-Gray  Sandy  Lioam  (1564) 

Yellow-gray  sandy  loam  is  found  very  largely  along  the  streams,  altho 
an  occasional  small  area  may  form  an  exception  to  this.  It  is  associated  with 
the  yellow-gray  silt  loam  in  that  it  occurs  in  similar  situations  and  that  it  ha^ 
been  covered  by  forests.    The  total  area  occupied  by  this  type  is  5,850  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  brownish  gray  or  brownish  yellow 
sandy  loam  varying  in  physical  composition  in  the  same  way  as  the  other  sandy 
loams  of  the  county.  The  organic-matter  content  is  about  2.5  percent,  or  25  tons 
per  acre. 

The  subsurface  is  a  yellow  sandy  loam  varying  to  a  sandy  silt  loam  and 
even  to  a  sand.    It  contains  about  .5  percent  of  organic  matter. 

The  subsoil  consists  of  a  yellow  sandy  silt  that  extends  into  gravel,  in 
some  instances  at  a  depth  of  36  to  40  inches.  It  contains  about  .45  percent  of 
organic  matter. 

Management, — According  to  the  samples  tested  this  type  is  strongly  acid, 
and  an  initial  application  of  about  4  tons  of  limestone  per  acre  should  be  made. 
This  should  be  followed  with  about  2  tons  every  four  years  until  the  soil  is  brought 
into  condition  for  the  best  growth  of  legumes.     Organic  matter,  especially 
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legumes,  must  be  turned  under  to  bring  about  conditions  of  good  tilth  in  the 
soil  and  to  increase  the  supply  of  nitrogen,  which  analysis  shows  to  be  extremely 
low.  The  phosphorus  content  is  likewise  extremely  low  and  ought  to  be  built 
up  before  it  becomes  a  limiting  element. 

Dune  Sand  (1581) 

Dune  sand  on  the  terrace  consists  of  rather  small,  irregular,  isolated  areas, 
all  of  them  together  covering  18.5  square  miles,  or  1.65  percent  of  the  area  of 
the  county.  These  dunes  have  been  formed  of  sand  deposited  as  sand  bars  by 
the  streams  that  once  covered  these  regions.  Later  this  sand  was  reworked  by 
the  wind,  which  piled  it  up  into  dunes  ranging  from  a  few  feet  to  25  or  30 
feet  in  height. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  brownish  yellow,  slightly 
loamy  sand  to  a  yellow  sand.  It  contains  about  1.2  percent  of  organic  matter, 
or  12  tons  per  acre.  The  sand  is  usually  of  medium  texture  and  is  comparatively 
free  from  the  finer  constituents. 

The  svbswrface  consists  of  a  layer  composed  very  largely  of  yellow  sand, 
altho  on  the  more  loamy  phases  there  may  be  enough  organic  matter  to  give  the 
top  of  this  stratum  a  brownish  tint.  It  contains  about  .6  percent  of  organic 
matter. 

The  subsoil  is  a  yellow  sand  with  about  .4  percent  of  organic  matter. 

Management. — This  dune  sand  contains  no  limestone,  either  in  the  surface, 
subsurface,  or  subsoil,  and  it  is  exceedingly  poor  in  nitrogen.  Altho  the  total 
supply  of  potassium  is  large,  this  element  is  likely  to  be  locked  up  to  a  con- 
siderable extent  in  sand  grains  and  consequently  is  not  susceptible  of  liberation 
by  practical  means  altho  sufficient  amounts  can  usually  be  made  available  for 
very  good  crops.  (On  swamp  sands  and  sandy  loams  long  exposed  to  leaching, 
potassium  is  often  the  first  limiting  element,  especially  where  a  fair  supply  of 
humus  exists,  as  in  the  so-called  ** black  sand.") 

The  phosphorus  content  of  sand  soils  is  not  high,  but  this  element  exists  to 
a  considerable  extent  in  other  constituents  than  sand  grains.  The  United  States 
Bureau  of  Soils  separated  two  types  of  sandy  soil — glacial  sand  and  sandy 
loam — into  coarse,  medium,  and  fine  particles,  analyzed  each  grade  for  phos- 
phorus, and  found  that  as  an  average  of  the  two  soils  the  fine  portion  was 
eighteen  times  as  rich  in  the  element  phosphorus  as  the  coarse.  Under  successful 
cropping,  such  a  limited  amount  of  phosphorus  as  this  dune  sand  contains  would, 
however,  sooner  or  later  become  exhausted,  altho  field  experiments  might  not 
indicate  a  need  for  this  element  at  first. 

In  the  management  of  this  type,  the  two  things  of  first  and  by  far  the 
greatest  importance  are  the  addition  of  limestone  and  of  organic  matter.  While 
this  sand  soil  is  not  high  in  acidity,  the  samples  examined  were  entirely  devoid 
of  limestone  to  a  depth  of  more  than  40  inches.  For  satisfactory  results,  there- 
fore, an  initial  application  of  3  to  4  tons  per  acre  should  be  made,  and  this 
supply  should  be  maintained  by  subsequent  applications  of  about  2  tons  every 
four  or  five  years,  or  until  conditions  are  established  for  the  best  growth  of 
legumes. 
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Organic  matter  is  needed  to  increase  the  moisture-retaining  power,  to  fur- 
nish nitrogen,  and  to  prevent  blowing.  Sand  possesses  very  little  cohesion,  and 
is  therefore  readily  moved  by  the  wind.  In  fact,  wind  erosion  on  this  soil  is 
^worse  than  water  erosion  on  other  soils,  and  unless  some  special  means  are 
used,  especially  on  the  more  sandy  areas,  to  prevent  the  movement  by  wind 
action,  ultimate  ruin  of  the  soil  will  result.  When  organic  matter  is  added,  it 
acts  as  a  feeble  cement  which,  however,  is  sufficiently  strong  to  bind  the  soil 
particles  together  and  prevent  blowing.  In  a  test  at  this  Station,  the  moisture- 
holding  capacity  of  clean  medium  sand  was  increased  40  percent  by  the  addition 
of  5  percent  of  peat,  and  85.7  percent  by  the  addition  of  10  percent  of  peat. 

When  potash  salts  can  be  secured  at  reasonable  cost,  their  use  is  likely  to 
produce  profitable  results,  at  least  temporarily,  in  getting  under  way  cfystems 
of  permanent  improvement  on  this.  soil.  This  applies  more  especially  to  the 
level  areas  which  were  originally  sandy  swamps. 

Com  on  sand  land  '*fires"  very  badly;  that  is,  the  lower  leaves  dry  up. 
This  is  partly  due  to  the  fact  that  the  soil  is  low  in  the  element  nitrogen  and 
there  is  a  translocation  of  the  nitrogen  from  the  lower  to  the  upper  leaves  in 
order  to  continue  growth.  This  drying  up,  which  is  usually  attributed  to  lack 
of  moisture,  can  be  largely  prevented  by  the  presence  of  plenty  of  available 
nitrogen.  The  fact  should  be  remembered  that  less  moisture  is  required  to 
produce  a  crop  on  a  soil  plentifully  supplied  with  plant  food  than  to  produce 
one  on  a  poor  soiL 

Bye  is  one  of  the  hardy  non-legumes  often  grown  on  sand  soil,  but  this 
crop  does  not  sufficiently  cover  the  soil  to  protect  it  from  blowing.  Further- 
more, it  is  a  common  practice  to  sell  the  straw  as  well  as  the  grain,  and  this 
leaves  very  little  organic  matter  to  be  turned  back  into  the  soil.  A  practice  that 
could  be  followed  to  good  advantage  in  favorable  seasons  would  be  to  sow  cow- 
peas  after  the  rye,  following  the  binder  with  the  drill,  and  then  later  drilling 
rye  in  the  cowpeas  without  cutting  them  or  turning  them  under.  This  would 
serve  to  protect  the  soil  from  blowing  as  well  as  to  furnish  a  supply  of  nitrogen 
and  organic  matter,  and  the  practice  would  undoubtedly  result  in  the  improve- 
ment of  this  loose  sandy  type. 

Cowpeas  are  well  adapted  to  such  soil,  and  they  produce  very  large  yidds 
of  excellent  hay  or  grain  very  valuable  for  feed  and  seed.  Under  the  best  con- 
ditions and  with  good  preparation,  sweet  clover  can  be  grown  in  good  seasons 
with  proper  soil  treatment.  With  an  abundance  of  limestone  and  moderate  ma- 
nuring, alfalfa  can  also  be  grown.  More  than  five  tons  of  alfalfa  hay  per  acre 
in  one  year  has  been  produced  on  an  experiment  field  at  Green  Valley  and  simi- 
lar results  have  been  obtained  on  the  Oquawka  field.  Sweet  clover  and  alfalfa 
should  be  inoculated  with  the  proper  nitrogen-fixing  bacteria. 

Other  possibilities  of  this  type  of  soil  may  be  shown  by  the  use  to  which  it 
is  put  in  the  vicinity  of  Wichert,  where  truck  farming  is  carried  on  extensively. 
Where  heavily  manured,  this  dune  sand  has  become  very  valuable  for  growing 
asparagus  and  other  crops. 

Foresting  is  a  practical  way  of  conserving  these  sand  soils.  The  black  locust 
(a  leguminous  tree)  seems  to  do  exceptionally  well  on  sand.  One  difficulty  with 
this  tree,  however,  is  that  it  is  damaged  by  borers ;  but  if  it  is  used  to  start  a 


24  Soil  Report  No.  22  [January, 

growth  and  hold  the  sand,  other  trees  may  then  be  interplanted  and  the  result  will 
be  that  the  sand  will  be  held  permanently.  After  the  blowing  of  sand  is  once 
stopped,  very  careful  treatment  is  required  to  prevent  a  recurrence  of  the 
trouble.    Pasturing  should  be  done  very  carefully,  because  the  grass  is  easily 

destroyed. 

For  an  account  of  field  experiments  on  dune  sand  see  page  58  of  the 

Supplement. 

Yellow-Gray  Silt  Loam  (1534) 

Yellow-gray  silt  loam  occurs  in  small  areas  along  streams,  particularly  along 
the  Iroquois  river.  It  is  very  little  different  from  the  following  type,  yellow- 
gray  silt  loam  over  gravel,  except  that  it  appears  to  be  of  a  later  formation 
and  the  gravel  does  not  occur. 

The  surface  soil,  0  to  6%  inches,  is  a  yellowish  gray  or  yellowish  brown 
silt  loam  with  an  organic-matter  content  of  about  2.9  percent,  or  29  tons  per  acre. 

The  subsurface  is  a  yellowish  or  brownish  yellow  silt  loam. 

The  subsoU  is  a  yellow  silt,  in  some  places  becoming  rather  heavy  while  in 
other  places  it  is  friable. 

Management. — The  treatment  of  this  type  should  be  the  same  as  that  of 
the  yellow-gray  silt,  loam  over  gravel  (1536). 

Yellow-Gray  Silt  Loam  over  Gravel  (1536). 

Yellow-gray  silt  loam  over  gravel  occurs  principally  along  the  Iroquois  river 
and  Sugar  creek,  and  is  usually  25  to  30  feet  above  the  bottom  land.  It  covers 
an  area  of  6.37  square  miles,  or  4,077  acres. 

The  surface  soil',  0  to  6%  inches,  is  a  yellowish  or  grayish  yellow  silt  loam, 
varying  in  sand  content  to  a  loam  and  in  some  places  even  to  a  sandy  loam. 
The  organic-matter  content  ranges  from  1.8  to  3  percent,  and  averages  2.4  per- 
cent, or  24  tons  per  acre. 

The  subsurface  is  a  yellow  silt  loam  containing  .8  percent  of  organic  matter, 
or  about  16  tons  per  acre. 

The  svbsoU  is  a  yellow  silty  material  underlain  by  gravel,  which  in  some 
places  is  less  than  40  inches  beneath  the  surface.  It  contains  about  .4  percent 
of  organic  matter. 

Management. — In  the  management  of  this  type,  one  of  the  first  requirements 
is  an  application  of  2  to  3  tons  of  limestone  per  acre  to  correct  the  acidity  which 
in  the  subsoil  becomes  verj'^  high.  The  low  content  of  organic  matter  indicates  that 
it  would  be  desirable  to  turn  under  all  residues  possible.  Legumes  should  be 
grown  and  the  best  use  made  of  straw,  residues,  and  manure.  Along  with 
the  improvement  in  this  way,  it  would  be  of  benefit  to  apply  from  i^  to  1  ton 
of  rock  phosphate  per  acre  once  in  the  rotation  until  the  phosphorus  content  is 
well  built  up  in  the  soil.  This  would  be  a  good  soil  for  alfalfa,  as  it  is  generally 
well  drained,  owing  to  the  underlying  stratum  of  gravel. 

Brown  Sandy  Loam  over  Gravel  (1566) 

Brown  sandy  loam  over  gravel  occurs  along  the  Iroquois  river  and  Sugar 
creek,  and  is  formed  in  the  same  way  as  the  preceding  type  (1536).  It  includes 
a  tot^l  area  of  3,187  acres. 
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The  surface  soil,  0  to  6%  inches,  is*  a  brown  sandy  loam  varying  on  the  one 
hand  to  brown  silt  loam,  and  on  the  other  to  sand.  It  contains  about  2.9  percent 
of  organic  matter,  or  29  tons  per  acre. 

The  subsurface  is  a  brown  sandy  loam,  passing  into  a  yellowish  sandy  silt 
at  a  depth  of  about  15  inches.    It  contains  about  1.6  percent  of  organic  matter. 

The  subsoil  is  a  yellow  sandy  silt  varying  to  a  silt.  The  gravel  is  sometimes 
found  at  a  depth  of  less  than  40  inches  altho  it  usually  occurs  at  greater  depths. 

Management, — ^In  the  samples  examined  the  subsurface  and  subsoil  strata 
were  acid.  Where  this  condition  occurs  it  will  be  necessary  to  apply  2  or  3  tons 
of  limestone  per  acre  to  secure  the  best  results  with  legumes.  The  same  use  must 
be  made  of  organic  residues  and  manure  as  that  indicated  for  the  preceding  type. 
Applications  of  phosphorus  will  aid  in  giving  satisfactory  results,  both  for 
legumes  and  for  grain  crops. 

Yellow-Gray  Sandys  Loam  over  Gravel  (1567) 

• 

Yellow-gray  sandy  loam  over  gravel  occurs  along  the  streams  in  a  manner 
similar  to  that  of  the  preceding  type,  but  it  has  been  timbered  sufficiently  long 
to  reduce  the  organic  matter  to  a  very  small  amount.  It  covers  an  area  of  3.30 
square  miles,  or  2,112  acres. 

The  surface  soil,  0  to  6%.  inches,  is  a  gray  to  light  yellow  sandy  loam.  It 
ranges  in  texture  from  a  loam  to  a  very  sandy  phase  of  sandy  loam.  It  con- 
tains about  1.8  percent  Of  organic  matter,  or  18  tons  per  acre. 

The  subsurface  soil  is  a  gray  or  yellowish  gray  sandy  lOam,'  passing  into 
the  heavier  phas6  characteristic  of  the  subsoil  at  a  depth  of  about  15  to  17  inches. 

The  subsoil  consists  usually  of  a  sandy  clayey  material  that  is  underlain 
by  gravel  at  a  depth  of  36  to  54  inches. 

Management. — This  type  is  very  low  in  nitrogen,  containing  only  1,420 
pounds  per  acre  in  the  plowed  soil.  Legumes  must  be  grown  in  order  to  in- 
crease the  nitrogen  content.  Since  the  soil  is  very  acid,  it  is  necessary  to  apply 
3  to  4  tons  of  limestone  per  acre  to  produce  the  best  growth  of  legumes.  All  avail- 
able organic  residues  and  farmyard  manure  must  be  turned  under  in  order  to  in- 
crease and  maintain  the  supply  of  organic  matter  and  nitrogen.  This  soil  is 
also  very  low  in  phosphorus,  and  this  element  should  be  added. 

Brown  Silt  Loam  on  Gravel  (1526.4) 

Brown  silt  loam  on  gravel  occurs  to  a  limited  extent  along  Sugar  creek  in 
the  vicinity  of  Woodland  Junction.    It  covers  only  211  acres. 

The  surface  soil,  0  to  6%  inches,  is  lighter  in  color  than  the  upland  brown 
silt  loam.    It  contains  about  3  percent  of  organic  matter. 

The  subsurface  soil  is  a  yellowish  brown  or  brownish  yellow  silt  loam. 

The  subsoil  is  a  yellow  sandy  or  gravelly  silt  loam  passing  into  gravel  at 
a  depth  of  about  26  to  32  inches. 

Management. — This  type  requires  the  same  treatment  as  brown  silt  loam 
over  gravel  (1527)  (see  page  2l).    The  gravel  subsoil  gives  good  drainage. 
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Black  Clay  Loam  (1520) 

Black  day  loam  of  the  terrace  does  not  differ  much  from  the  upland  black 
clay  loam ;  hence  the  treatment  that  it  should  receive  is  practically  the  same. 
The  reader  is  therefore  referred  to  the  discussion  of  black  clay  loam  on  page  13. 

(d)     SWAMP  AND  BOTTOM-LAND  SOILS 

This  group  includes  the  bottom  lands  along  the  streams,  the  swamps,  and 
the  poorly  drained  lowlands.  Much  of  the  soil,  therefore,  is  of  alluvial  forma- 
tion and  the  land  is  largely  subject  to  overflow.  The  swamps  were  formerly 
what  their  name  implies,  but  during  the  wettest  part  of  the  year  at  least  they 
were  shallow  ponds  or  lakes.  Seven  types  of  this  group  are  recognized  in  Iro- 
quois county,  the  total  area  of  which  aggregates  48.76  square  miles,  or  about 
4.5  percent  of  the  area  of  the  county. 

Deep  Brown  Silt  Loam  (1426) 

Deep  brown  silt  loam  constitutes  the  larger  part  of  the  bottom  land  along 
the  streams.  Altho  it  varies  slightly  in  some  places,  especially  toward  the  north- 
em  part  of  the  county,  yet  generally  it  consists  of  a  brown  silt  loam,  the  dark 
color  of  which  extends  to  a  depth  of  20  to  30  inches.  It  covers  an  area  of  29.06 
square  miles,  or  2.59  percent  of  the  area  of  the  county.  At  one  time  the  terrace 
constituted  the  overflow  land  of  the  streams  of  the  county,  but  later  the  streams 
cut  below  this  terrace  and  began  to  develop  a  new  flood  plain  that  is  the  present 
first  bottom  land. 

Hie  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  containing  from  5  to 
7  percent  of  organic  matter,  or  an  average  of  6  percent.  The  surface  soil  varies 
somewhat,  owing  to  the  deposition  of  sand  in  times  of  overflow. 

The  subsurface  soil,  6%  to  20  inches,  consists  of  a  brown  silt  loam  contain- 
ing more  or  less  sand.    The  organic-matter  content  is  about  5.1  percent 

2716  suhsoU  varies  from  a  brown  silt  loam  to  a  yellowish  or  brownish  yellow 
silt  loam,  and  contains  about  2.4  percent  of  organic  matter. 

Management, — This  type  contains  a  good  supply  of  organic  matter  and 
nitrogen  and  has  a  phosphorus  content  varying  from  1,200  to  1,600  pounds  per 
acre  in  the  plowed  soil.  The  soil  is  usually  either  neutral  or  slightly  acid,  altho 
not  so  acid  but  that  legumes  will  do  well  upon  it.  During  times  of  overflow  the 
type  receives  a  deposit  of  rich  soil.  Therefore  the  most  important  requirement 
in  its  management  is  good  cultivation.  Large  numbers  of  weed  seed  are  de- 
posited during  flood  times,  and  these  are  frequently  a  source  of  much  trouble. 

Mixed^Loam  (1454) 

Mixed  loam  occurs  principally  as  bottom  land  along  Beaver  creek  in  the 
northeastern  part  of  the  county.  So  much  sand  is  carried  into  this  stream  that 
the  bottom-land  soil  is  badly  mixed  and  it  is  therefore  practically  impossible 
to  separate  it  into  distinct  types.  Even  if  this  could  be  done,  the  next  flood 
would  probably  change  the  character  of  the  soil.  The  area  covered  by  this  type 
amounts  to  2,483  acres. 
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TJie  surface  soil,  0  to  6%  inches,  is  a  mixed  loam  varying  from  a  sand  to  a 
silt  loam.    It  contains  about  6.6  percent  of  organic  matter. 

The  subsurface  soil,  6%  to  -20  inches,  is  a  brown  mixed  loam  with  about 
1.43  percent  of  organic  matter. 

The  subsoil  varies  in  somewhat  the  same  way  as  the  surface  and  is  usually 
of  a  yellowish  or  brownish  yellow  color. 

The  type  is  of  little  importance  so  far  as  agriculture  is  concerned.  It  is 
used  mainly  for  pasture. 

Black  Sandy  Loam  (1461) 

Black  sandy  loam  occurs  in  several  isolated  areas,  the  largest  being  in  the 
northwest  part  of  the  county  just  south  of  the  Marseilles  moraine.  This  type 
covers  an  area  of  12.61  square  miles. 

The  surface  soil,  0  to  6%  inches,  is  a  black  sandy  loam  varying  on  the  one 
hand  to  a  clayey  sandy  loam  and  on  the  other  to  a  peaty  loamu  It  contains 
about  5.3  percent  of  organic  matter,  or  53  tons  per  acre. 

The  natural  subsurface  consists  of  a  stratum  8  to  12  inches  thick,  and  varies 
from  a  brown  to  a  yellowish  brown  sandy  loam.  This  stratum  usually  contains 
sufiBcient  amounts  of  the  finer  constituents,  either  clay  or  fine  silt,  to  give  it 
some  tenacity.  The  organic-matter  content  of  the  stratum  sampled  is  about  1.6 
percent,  or  32  tons  per  acre. 

The  subsoil  consists  of  a  pale  yellow  to  grayish  colored  sandy  clay  or  clayey 
sand  and  contains  about  .5  percent  of  organic  matter. 

Management, — The  type  needs  drainage  first,  and  while  most  areas  have 
been  drained,  yet  in  some  localities  much  more  is  needed.  An  occasional  legume 
crop  is  desirable  to  aid  in  keeping  the  soil  in  good  physical  condition  and  in 
maintaining  the  nitrogen  content.  Where  carbonates  are  absent,  limestone  should 
be  applied  in  order  to  provide  the  most  favorable  conditions  for  the  growth  of 
legumes. 

Peaty  Loam  on  Sand  (1410.2) 

Peaty  loam  on  sand  covers  only  a  small  area,  amounting  to  288  acres. 

The  surface  soil  is  a  peaty  loam  consisting  of  organic  matter  and  sand.  The 
organic-matter  content  is  about  19.8  percent,  or  148.5  tons  per  acre. 

The  subsurface  contains  a  little  more  than  half  the  amount  of  organic  mat- 
ter that  is  found  in  the  surface. 

The  subsoil  is  a  gray  or  drab  sand  with  only  .8  percent  of  organic  matter. 

Management, — Proper  drainage  is  of  course  essential  in  the  successful  cul- 
tivation of  this  kind  of  soil.  Experience  on  soil  of  a  similar  nature  has  shown 
good  returns  from  the  use  of  manure  and  of  potassium  sulfate. 

Deep  Peat  (1401) 

Deep  peat  is  found  in  small  areas  on  both  upland  and  terraces  and  covers 
1,139  acres,  or  .16  percent  of  the  area  of  the  county.  The  soil  to  a  depth  of  at 
least  30  inches  consists  largely  of  organic  matter  derived  from  mosses,  sedges, 
and  grasses. 
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The  surface  soU,  0  to  6%  inches,  consists  of  a  black  or  brownish  peat,  more 
or  less  decomposed.  As  a  general  rule,  the  drained  areas  have  undergone 
greater  decomposition  because  of  better  aeration,  while  the  undrained  areas 
have  changed  but  little.  The  content  of  organic  matter  is  about  59  percent,  or 
295  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  black  or  brownish  peat  that  usually 
shows  the  texture  of  the  material  from  which  it  was  produced.  The  organic- 
matter  content  is  about  31  percent. 

The  subsoil,  20  to  40  inches,  is  usually  a  brown  peat,  altho  in  small  areas, 
sand,  silt,  or  clay  of  a  drab  color  may  constitute  the  subsoil  below  30  inches.  The 
organic-matter  content  varies  widely.  The  line  between  the  peat  and  the 
mineral  subsoil  is  usually  very  distinct. 

Management, — Because  of  lack  of  drainage,  this  type  of  soil  in  Iroquois 
county  has  not  been  cultivated  to  a  large  extent.  It  is  used  mostly  for  pasture, 
and  probably  this  is  the  best  use  to  which  it  can  be  put.  Tile  drainage  is  not 
usually  satisfactory  because  the  soft  peat  soon  permits  the  tile  to  get  out  of 
line  and  this  seriously  interferes  with  drainage. 

Where  thoro  drainage  can  be  provided  either  by  open  ditches  or  by  laying 
tiles  deep  enough  to  secure  a  solid  bed  for  them,  very  marked  improvement  can 
be  made  in  the  productive  power  of  deep  peat  by  the  liberal  use  of  potassium, 
which  is  by  far  the  most  deficient  element.  These  soils  frequently  contain 
alkali  that  irritates  the  skin.    The  term  '*itch  dirt"  is  often  applied  to  them. 

In  the  Supplement  to  this  report  are  given  the  results  obtained  from  field 
experiments  on  deep  peat  (see  page  60). 

Medium  Peat  on  Clay  (1402) 

Medium  peat  on  clay  consists  of  a  soil  in  which  the  peat  is  more  than  12 
and  less  than  30  inches  in  depth.  Typically  it  is  underlain  by  clay  or  silty  clay, 
altho  in  some  locations  sand  may  occur  instead  of  clay.  This  soil  originates  in 
the  same  way  as  deep  peat.    The  total  area  in  the  county  is  467  acres. 

The  surface  SoU,  0  to  6%  inches,  is  a  brown  or  black  peat,  which  may  con- 
tain some  sand.  If  the  sand  content  becomes  very  high,  the  type  passes  into  the 
peaty  loam,  a  small  area  of  which  borders  it  on  the  south.  The  organic-matter 
content  is  about  36  percent. 

The  subsurface  varies  widely  even  in  the  same  locality.  The  organic  matter 
or  peat  may  form  a  part  of  the  subsurface  or  the  entire  stratum.  The  organic- 
matter  content  is  approximately  9.8  percent. 

The  subsoil  may  be  formed  in  part  of  peat.  The  mineral  part  consists  of 
clay  and  sand  but  is  distributed  so  irregularly  that  it  is  impossible  to  separate 
the  areas  into  the  two  types.  The  clay  subsoil  seems  to  be  the  more  prevalent. 
The  organic-matter  content  is  about  2.6  percent. 

Management, — Drainage  is  one  of  the  principal  considerations  in  the  man- 
agement of  the  type.  It  may  usually  be  provided  without  much  diflSculty  because 
the  clay  affords  a  good  bed  for  tile.  The  treatment  for  this  type  is  likely  to  be 
I  he  same  as  for  deep  peat,  but  thoro  trials  should  be  made  with  potassium  in 
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advance  of  extensive  use,  for  the  surface  and  subsurface  strata  sometimes  have 
sufficient  potassium  contained  in  the  mineral  particles  deposited  from  repeated 
overflow. 

Clayey  Muck  (1413) 

Clayey  muck  is  found  in  the  northwestern  part  of  the  county  in  a  few 
areas  just  south  of  the  morainal  ridge.    These  areas  cover  160  acres. 

The  surface  soU  consists  of  a  black,  granular,  plastic,  clayey  material  having 
about  17.5  percent  of  organic  matter. 

The  subsurface  is  very  similar  to  the  surface  except  that  in  its  lower  depths 
its  assumes  a  slightly  more  drabbish  color.  It  contains  about  19  percent  of 
organic  matter. 

The  subsoil  usually  consists  of  a  black  to  drabbish  clay,  waxy,  but  pervious 
to  water.    The  sample  collected  contained  about  10  percent  of  organic  matter. 

Management, — The  upper  strata  of  this  soil  contain  no  limestone  but  car- 
bonates are  found  in  the  subsoil.  Drainage  is  the  first  requirement,  and  after 
that  good  cultivation  is  about  all  that  is  necessary.  The  supply  of  potassium  is 
abundant,  as  is  also  that  of  phosphorus,  clayey  muck  being  one  of  the  richest 
soils  of  the  county  in  this  constituent.  The  rotation  of  crops  is  necessary  in 
order  to  control  insects  and  weeds. 


APPENDIX 

IXFLANATI0N8  FOB  INTEBPBKTINO  THE  SOIL  8URVST 

CLASSIFICATION  OP  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.  Without  going  far  into  details  the  following  paragraphs  are  intended  to 
furnish  a  brief  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difScult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  coUuvial;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel, 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Great  Soil  Areas  in  lUinois, — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  sixteen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

100     Vnglaciaied,  comprizing  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    lllinoisa/n  moraines,  including  the  moraines  of  the  lUinoisan  glaciation 

300    Lower  lUviwisan  glaciation,  covering  nearly  the  south  third  of  the  state 

400    Middle  lUinoiaam.  glaciation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Illinoisan  glaciation,  covering  about  fourteen  counties  northwest  of  the  middle 

Illinoisan  glaciation 
600    Pre-Iowan  glaciation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    lowan  glaciation,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wisconsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000    Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100    Early  Wisconsin  glaciation,  covering  the  greater  part  of  the  northeast  quarter  of  the 

state 
1200    Late  Wisconsvn  glaciation,  lying  in  the  northeast  comer  of  the  state 
1300     Old  river  "bottom  and  swamp  lands,  found  in  the  older  or  Illinoisan  glaciation 
1400     Late  river  bottom  and  swamp  lands,  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  formed  by  overloaded  streams  draining  from  the  glaciers  and  gravel  outwash 

plains 
1600    Lacustrine  deposits,  formed  by  Lake  Chicago  or  the  enlarged  Lake  Michigan 

Mechanical  Composition  of  Soils, — The  mechanical  composition,  or  the  tex- 
ture, is  a  most  important  feature  in  characterizing  a  soil.  The  texture  de- 
pends upon  the  relative  proportions  of  the  following  physical  constituents: 
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Organic  matter:    undeeompoeed  and  partially  decayed  vegetable  material 
Inorganic  matter:    clay^^silt,  fine  sand,  sand,  gravel,  stones. 

Classes  of  SoUs. — ^Based  upon  the  relative  proportion  of  the  various  con- 
stituents mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below. 

Index  Number  Limits  Class  Names 

0  to    9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 Clays 

20  to  24 aay  loams 

25  to  49 Silt  loams 

50  to  59 Loams 

60  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 r . .  .Oravelly  loams 

95  to  97 Gravels 

98 Stony  loams 

99 Bock  outcrop 

Naming  and  Numbering  Soil  Types, — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  is  the  color. 
Therefore,  in  the  naming  of  soils  in  Illinois,  a  combination  of  color  and  texture, 
together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  given  soil  type;  as  for 
example,  **gray  silt  loam  on  tight  clay,"  or  ** brown  silt  loam  over  gravel." 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certain 
substrata.  When  the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches ;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
somewhat  the  Dewey  library  system,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  at 
100  with  the  unglaciated,  and  following  in  series  in  the  order  of  the  enumeration 
presented  in  the  paragraph  above  headed  Great  SoU  Areas  In  Illinois.  The 
digits  of  the  orders  of  units  and  tens  represent  the  various  kinds  of  soil  such  as 
are  enumerated  above  in  the  list  of  soil  classes.  A  modification  of  a  soil  type 
called  a  phase  is  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
is  found  less  than  30  inches  below  the  surface.  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
color& 
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A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  type  niunbers  and  a  description  of  the  area  covered,  will  be  found 
in  the  respective  county  soil  reports. 

SOIL  SURVEY  METHODS 

Mapping  fhe  Soil  Types, — ^In  conducting  the  soil  survey,  the  county  consti- 
tutes the  unit  of  working  area.  In  order  that  the  survey  be  thoroly  truthworthy 
it  is  necessary  that  careful,  well-trained  men  be  employed  to  do  the  mapping 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
two  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
up  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendently on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map- 
ping. The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  ofScial 
data  of  the  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  town  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  composing  it.  The  dif- 
ferent types  are  indicated  on  the  map  by  different  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  witli 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle  or  by  some  other  measuring 
device,  while  distances  in  the  field  away  from  the  roads  are  determined  by 
pacing,  an  art  in  which  the  men  become  expert  by  practice.  The  soil  boundaries 
can  thus  be  located  with  as  high  a  degree  of  accuracy  as  can  be  indicated  by 
pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  AnMysis, — After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  different  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled;  namely, 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subsoil 
(20  to  40  inches).  These  strata  correspond  approximately,  in  the  common  kinds 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to  two 
times  and  three  times  this  quantity  in  the  subsurface  and  the  subsoil,  respec- 
tively. 
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By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  ordinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended  upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  Even  a  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  maintained 
at  a  high  point,  then  the  strong,  vigorous  plants  will  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PBINOIPLES  OF  son.  FERTILITT 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  thiit  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 


CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfur,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  €a,  and  Fe.  Some 
seasons  in  central  Illinois  are  sufficiently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops  are  not  produced  under  favorable 
seasonal  conditions,  the  failure  is  due  to  unfavorable  soil  condition,  which  may 


Tablv  a. — Plant  Food  in  Wheat,  Corn,  Oats,  j 

iND  Clover 

Produce 

Nitrogen 

Phos- 
phorus 

Sulfur 

Potas- 
sium 

Magne- 
sium 

Calcium 

Iron 

Kind 

Amount 

Wheat,  grain 

Wheat  straw 

Ibu. 
1  ton 

Iba. 
1.42 
10.00 

lbs. 

.24 
1.60 

lbs. 

.10 
2.70 

lbs. 
.26 
18.00 

lbs. 

.08 
1.60 

lbs. 

.02 
3.80 

lbs. 
.01 
.60 

Com,  grain 

Com  stover 

Com  cobs 

Ibu. 
1  ton 
1  ton 

1.00 

16.00 

4.00 

.17 
2.00 

.08 
2.42 

.19 

17.33 

4.00 

.07 
3.33 

.01 
7.00 

.01 
1.60 

Oats,  grain 

Oat  straw 

Ibu. 
1  ton 

.66 
12.40 

.11 
2.00 

.06 
4.14 

.16 

20.80 

.04 
2.80 

.02 
6.00 

.01 
1.12 

Clover  seed 

Cbver  hay 

Ibu. 
1  ton 

1.75 
40.00 

.50 
5.00 

'3!28 

.75 
30.00 

.25 
7.75 

.13 
29.25 

1.66 
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result  from  poor  drainage,  poor  physical  condition,  or  an  actual  deficiency  of 
plant  food. 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  common 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
ton,  as  the  case  may  be.  From  these  data  the  amount  of  any  element  removed 
from  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argument  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion. 

PLANT-FOOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  (carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 
air  by  one  class  of  plants  (legumes),  in  case  the  amount  liberated  from  the 
soil  is  insufficient ;  but  even  these  plants  (which  include  only  the  clovers,  peas, 
beans,  and  vetches  among  our  common  agricultural  plants)  are  dependent  upon 
the  soil  for  the  other  six  elements  (phosphorus,  potassium,  magnesium,  calcium, 
iron,  and  sulfur),  and  they  also  utilize  the  soil  nitrogen  so  far  as  it  becomes 
soluble  and  available  during  their  period  of  growth. 


Tablb  B. — ^Plant-Food  Elkmbnts  in  Manure,  Rough  Fsbds,  and  Fsrtiijxbbs 

Pounds  of  plant  food  per  ton 
of  mat«-ial 

Material 

Nitrogen 

Phosphorus 

Potassium 

Fresh  farm  manure 

10 

16 
12 
10 

40 
43 
50 
80 

280 
310 
400 

80 
20 

•  •  « 

•  •   • 

•  •   • 

•  B       • 

•  •       • 

•  «       • 

2 

2 
2 
2 

5 
5 
4 

8 

•  •  • 

•  •  • 

•  •  * 

180 
250 
250 
125 

•  •  • 

•  •     a 

•  •     • 

10 

8 

Com  stover 

17 

Oat  straw 

21 

Wheat  straw 

19 

Clover  hay , 

•30 

Cowpea  hay 

33 

Alfalfa  hav 

24 

Sweet  clover  (water-free  basis)* 

28 

Dried  blood 

Sodium  nitrate 

•  •  • 

AmnrinniniTi  gulfate 

Raw  bone  meal 

Sf^ameH  bone  meal 

Rftw  rook  phosphate 

•  *  * 

Acid  phosphate 

PntA5nium  chloHH , .  ,  .     

850 

Potusfli'um  miUftt^ 

850 

Kainit 

200 

Wood  ashes' 

100 

*Young  second  year's  growth  ready  to  plow  under  as  green  manure. 

*Wooa  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 
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The  vast  difference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  pounds  to  4,900  pounds,  the  potassium  ranges  from  1,530  pounds 
to  about  58,000  pounds.  Similar  variations  are  found  in  all  of  the  other  essential 
plant  food  elements  of  the  soil. 

With  these  facts  in  mind  it  is  easy  to  understand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reduced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some  of  the  materials  most  commonly  used 
as  sources  of  plant^f ood  supply. 

LIBERATION  OP  PLANT  FOOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  farmer, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  limestone  and 
decaying  organic  matter.    Tillage  also  has  a  considerable  effect  in  this  connection. 

Effect  of  Limestone. — Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogen-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the 
same  time,  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  suflBcient  organic  nirogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  corn,  the  nitrous  acid  formed  is  alone  suflScient  to  convert 
seven  times  as  much  insoluble  tricalcium  phosphate  into  soluble  monocalcium 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Effect  of  Organic  Matter, — Organic  matter  may  be  supplied  by  animal  man- 
ures, consisting  of  the  excreta  of  animals  and  usually  accompanied  by  more 
or  less  stable  litter,  and  by  plant  manures,  including  green-manure  crops  and 
cover  crops  plowed  under  and  also  crop  residues  such  as  stalks,  straw,  and  chaff. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condition, 
and  origin,  and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  but  little  more 
than  half  the  organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  to  nearly  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.    The  history  of  the  individual 
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farm  or  field  must  be  depended  upon  for  information  concerning  recent  additicms 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legume 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  leas 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ,-  and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon 
as  nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil ;  while  in 
old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  or  nitrogen. 
Except  in  newly  made  alluvial  soils,  the  ratio  is  usually  narrower  in  the  sub- 
surface and  subsoil  than  in  the  surface  stratum.  Soils  of  cut-over  or  burnt-over 
timber  lands  sometimes  contain  so  much  partially  decayed  wood  or  charcoal 
as  to  destroy  the  value  of  the  nitrogen-carbon  ratio  for  the  purpose  indicated. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrous 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  power  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage. — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
the  soil. 

PERMANENT  SOIL  IMPROVEMENT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of  Limestone. — In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse 
causes :  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.    It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
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more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitrogen 
fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of  certain 
fungus  diseases,  such  as  com  root  rot.  Experience  indicates  that  it  modifies  di- 
rectly the  physical  structure  of  some  soils,  frequently  to  their  great  improvement. 
Thus,  working  in  one  or  more  of  these  different  ways,  limestone  often  be- 
comes the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply, — If  the  soil  is  acid,  at  least  2  tons  per  acre  of  ground 
limestone  should  be  applied  as  an  initial  treatment.  Continue  to  apply  lime- 
stone from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes,  using  preferably  at  times  magnesian  limestone 
(CaCOjMgCOa),  which  contains  both  calcium  and  magnesium  and  has  slightly 
greater  power  to  correct  soil  acidity,  ton  for  ton,  than  the  ordinary  calcium 
limestone  (CaCOg).  On  strongly  acid  soils,  or  on  land  being  prepared  for 
alfalfa,  4  or  5  tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first 
application. 

How  to  Ascertain  tJie  Need  for  Limestone, — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  one  of  the  following  tests  for  soil  acidity.  Along 
with  the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It 
should  be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the 
absence  of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral 
point,  that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This 
condition  is  explained  by  the  assumption  that  solid  particles  of  calcium  or 
magnesium  carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally 
acid.  Because  of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if 
it  is  to  be  thoroly  reliable.  It  is  also  desirable  to  test  samples  from  different 
depths.    Following  are  the  directions  for  making  these  tests: 

The  Litoras  Paper  Test  for  Acidity.  Make  a  baU  of  fresh  moist  soil,  break  it  in  two, 
insert  a  piece  of  blue  litmus  paper,  and  press  the  soil  firmly  together  again.  After  a  few 
minutes  examine  the  paper.  If  it  has  turned  pink  or  red,  soil  acidity  is  indicated.  The 
intensity  of  the  color  and  the  rapidity  with  which  it  develops  indicates  to  some  extent 
the  amount  of  acidity.  Needless  to  say  the  reliability  of  the  test  depends  upon  the  quality 
of  litmus  paper  used. 

The  Potassinin  Thiocyanate  Test  for  Acidity.  A  more  recently  discovered  test  fcr  soil 
acidity  which  promises  to  be  more  satisfactory  than  the  litmus  test  is  made  with  a  4-percent 
solution  of  potassium  thiocyanate  in  alcohol— 4  grams  of  potassium  thiocyanate  in  100 
cubic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of  soil 
shaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soil  is  acid  and  lime- 
stone should  be  applied.  If  the  solution  remains  colorless  the  soil  is  not  acid.  The  con- 
ditions for  a  prompt  reaction  require  a  temperature  that  is  comfortably  warm. 

The  Hydrochloric  Acid  Test  for  Carbonates.  Make  a  shallow  cup  of  a  ball  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  bubbles, 
producing  foaming  or  effervesence.  With  much  carbonate  present  the  action  is  lively,  but 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little, 
is  indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 


•The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  agricul- 
ture. Four  important  reasons  for  this  are:  its  increasing  deficiency  in  most 
soils ;  its  cost  when  purchased  on  the  open  market ;  its  removal  in  large  amounts 
by  crops;    and  its  loss  from  soils  thru  leaching.     Nitrogen  costs  from  four  to 
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five  times  as  much  per  pound  as  phosphorus.  A  lOO-bushel  crop  of  com  re- 
quires-^lSO  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops. 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This 
large  supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually 
turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  the  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soil. 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats  (grain  and  straw)  requires  1  pound  of  nitrogen. 
1  bushel  of  corn  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 
1  bushql  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 
1  ton  of  timothy  requires  24  pounds  of  nitrogen. 
1  ton  of  clover  contains  40  pounds  of  nitrogen. 
1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 
1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 
1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  green 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops.  Soils  of  mod- 
erate productive  power  will  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and  stubble.  In  grain 
crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  cell. 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  being  especially  rich  in  this  element. 
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The  phcMsphorus  content  of  a  soil  varies  according  to  its  origin  and  the 
kind  of  farming  practiced.  Even  virgin  soils  are  found  that  are  deficient  in 
phosphorus. 

On  all  lands  deficient  in  phosphorus  (except  on  those  stisceptible  to  serious 
erosion  by  surface  washing  or  gullying)  that  element  should  be  applied  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops  de- 
sired to  be  produced.  The  abundant  information  thus  far  secured  shows  positively 
that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very  prof- 
itably, and  clearly  indicates  that  this  material  will  be  the  most  economical  form  of 
phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil  im- 
provement. The  first  application  may  well  be  one  ton  per  acre,  and  subsequently 
about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied,  at  least 
until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per  acre, 
which  may  require  a  total  application  of  from  3  to  5  or  6  tons  per  acre  of  raw 
phosphate  containing  12%  percent  of  the  element  of  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  a  pound  of  phosphorus  delivered  in 
Illinois  in  the  form  of  raw  phosphate  (direct  from  the  mine  in  carload  lots),  is 
much  cheaper  than  the  same  amount  in  steamed  bone  meal  or  in  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase  by  farm- 
ers in  carload  lots,  which  is  not  the  case  with  raw  phosphate.  Landowners  should 
bear  in  mind  the  fact  that  phosphorus  additions  to  the  soil  in  amounts  above  the 
immediate  crop  requirements  represent  a  permanent  investment,  since  this  ele- 
ment is  not  readily  lost  in  the  drainage  water  as  in  the  case  of  nitrogen.  It  is 
removed  from  the  farm  thru  the  sale  of  crops,  milk,  and  animals. 

Phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is  applied 
to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant  seems  to 
possess  an  unusual  power  for  assimilating  raw  phosphate,  or  else  at  a  time  when 
it  can  be  plowed  under  with  some  form  of  organic  matter  such  as  animal  manure 
or  green  manure,  the  decay  of  which  serves  to  liberate  the  phosphorus  from  its 
insoluble  condition  in  the  rock.  It  is  important  that  the  fine-ground  rock  phos- 
phate be  intimately  mixed  with  the  organic  material  as  it  is  plowed  under. 

The  Potassium  Problem 

Normal  soils,  in  which  clay  and  silt  form  a  considerable  part  of  the  con- 
stituency, are  well  stocked  with  potassium,  altho  it  exists  largely  in  insoluble 
form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low  in  this 
element.  On  such  soils  this  deficiency  may  be  supplied  by  the  application  of 
some  potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit,  or 
other  potassium  compound,  and  in  many  instances  this  is  done  at  great  profit. 

From  all  the  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  normal  soUs 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera- 
tion. The  Rothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  practically  the 
same  power  as  potassium  to  increase  crop  yield  in  the  absence  of  sufficient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 
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potafisimn  is  removed,  as  in  the  entire  crops  at  Bothamsted,  with  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 

Further  evidence  on  this  matter  is  furnished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure. 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  corn, 
but  the  cheaper  salt,  kainit,  was  just  as  effective  as  the  potassium  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave 
very  little  increase  over  that  produced  by  the  manure  alone.  This  is  explained 
in  part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  that  potassiimi  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds 
of  the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus 
from  the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  x>otas- 
sium;  so  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm, 
either  in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing 
25,000  pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  mag- 
nesiiun  and  calciiun  are  more  limited  in  some  Illinois  soils  than  potassium. 
But  with  these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassiiun,  130  of 
magnesiiun.  and  330  of  calcium.  These  figures  are  very  significant,  and  it 
may  be  stated  that  if  the  plowed  soil  is  well  supplied  with  the  carbonates  of 
magnesiiun  and  calciiun,  then  a  very  considerable  proportion  of  these  amounts 
will  be  leached  from  that  stratum.  Thus  the  loss  of  calciiun  from  the  plowed 
soil  of  an  acre  at  Bothamsted,  England,  where  the  soil  contains  plenty  of  lime- 
stone, has  averaged  more  than  300  pounds  a  year  as  determined  by  analyzing 
the  soil  in  1865  and  again  in  1905.  And  practically  the  same  amount  of  calcium 
was  found  by  analyzing  the  Bothamsted  drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCO,),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  is  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  waa 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten 
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years  amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investi- 
gations seems  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed 
at  least  2  tons  per  acre  should  be  applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
em  and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton ;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows : 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  the  sulfur  passes  into  the  atmos- 
phere or  into  the  soil  solution  in  the  form  of  sulfur  dioxid  gas.  This  gas  unites 
with  oxygen  and  water  to  form  sulfuric  acid,  which  is  readily  washed  back  into 
the  soil  by  the  rain,  thus  completing  the  cycle,  from  soil — ^to  plants  and  animals 
— ^to  air — ^to  soil. 

In  this  way  sulfur  becomes  largely  a  self-renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.  With  a  fair  stock  of 
surfur,  such  as  exists  in  our  common  types  of  soii,  and  an  annual  return,  which 
of  itself  would  more  than  suflBce  for  the  needs  of  maximum  crops,  the  mainten- 
ance of  an  adequate  sulfur  supply  presents  little  reason  at  present  for  serious 
concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur  in  the 
soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is  small. 
Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of  crop  pro- 
duction, and  it  will  be  necessary  sooner  or  later  to  introduce  this  substance  from 
some  outside  source.  Investigation  is  now  under  way  to  determine  to  what 
extent  this  situation  may  apply  to  conditions  in  Illinois. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.     The  constituent  most  important  for  this  purpose  is 
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organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overccmie  the  tendaicy  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  often 
the  case,  from  onCr-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  corn  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  corn  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  Whai 
burned,  however,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil. 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  corn  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  corn,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biologioal  processes.  The  bad  effect  will  be  greater  if  cropping 
has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good 
tilth. 

Sjrstems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
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other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what 
will  prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and 
fanners  and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 

Six-Year  Botations 
First  year     — CJorn 
Second  year  — CJom 

Third  year    — Wheat  or  oats  (with  clover  or  clover  and  grass) 
Fourth  year  — Clover,  or  clover  and  grass 
Fifth  year    — ^Wlheat  (with  clover)  or  grass  and  clover 
Sixth  year    — Clover,  or  clover  and  grass 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Fiv6-Year  Botatioiis 
First  year     — Com 

Second  year  — Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Third  year    — Clover,  or  clover  and  grass 
Fourth  year  — ^Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — Clover,  or  clover  and  grass 


First  year     — Com 


Second  year  — Com 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    — ^Wheat  (with  clover) 

First  year     — Com 

Second  year  — Cowpeas  or  soybeans 

Third  year    — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Fifth  year    — ^Wheat  (with  clover) 


The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 
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Fonr-Taftr  Sotattons 

Firti  year     — ^Wheat  (with  clover)  Firti  year    — Corn 

Second  year  — Com  Second  year  — Corn 

Third  year    — Oats  (with  clover)  Third  year  — ^Wheat  or  oats  (with  eXover) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year    — Corn  First  year    — Wheat  (with  clover) 

Second  year — ^Wheat  or  oats  (with  colver)       Second  year — Clover 

Third  year   — Clover  Third  year  — Corn 

Fourth  year — Wheat  (with  clover)  Fourth  year — Oats  (with  clover) 

First  year    — Com 
Second  year  — Cowpeas  or  soybeans 
Third  year   — ^Wheat  (with  clover) 
Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four ;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Tear  Rotations 

First  year    —Com  First  year    — ^Wheat  (with  clover) 

Second  year  — Oats  or  wheat  (with  clover)    Second  year  — CJora 

Third  year   — Clover  Third  year   — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 
before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 
grow  on  every  acre  every  year.  This  is  likewise  true  of  the  following  suggested 
two-year  s^ystem : 

Two-Tear  Rotation 

First  year     — Oats  or  wheat  (with  sweet  clover) 
Second  year  —Com 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cyde. 

It  should  be  understood  that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover  espec- 
cially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture  and 
hay  crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop-rotation 
program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fidds  Representing  tJie  More  Important  Types  of 

SoU  Occurring  in  Iroquois  County) 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of  former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  further  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soil.  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report. 

A  few  general  explanations  at  this  point,  which  apply  to  all  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots  and  each  series  is  occupied  by  one  kind  of 
crop.  Usually  there  are  several  series  so  that  a  crop  rotation  can  be  carried  on 
with  every  crop  represented  every  year. 

Farming  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  and  grain  farming.  In  the  live-stock  system,  stable  manure 
is  used  to  furnish  organic  matter  and  nitrogen.  The  amount  applied  to  a  plot 
is  based  upon  the  amount  that  can  be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.  The  organic  matter  and 
nitrogen  are  supplied  in  the  form  of  plant  manures,  including  plant  residues  pro- 
duced, such  as  stalks  and  straw,  along  with  leguminous  catch  crops  plowed  under. 

Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  definite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.  The  most  common  rotation  used  is  wheat, 
com,  oats,  and  clover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
on  a  fifth  series.  In  the  grain  system  a  legume  catch  crop,  usually  sweet  clover, 
is  included,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  the  following  spring  in  preparation  for  corn.  In  the  event  of 
clover  failure,  soybeans  are  substituted. 

45 


46  Soil  Bepobt  No.  22:    Supplement  [Jawary, 

Soil  Treatment 

The  treatment  applied  to  the  plots  has,  for  the  most  part,  been  standard- 
ized according  to  a  definite  system,  altho  deviations  from  this  system  occur  now 
and  then,  particularly  in  the  older  fields. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

Animal  Manures. — Animal  manures,  consisting  of  excreta  from  animals,  with 
stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate  to 
previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manures, — Crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaff,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clover  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures. — The  yearly  acre-rates  of  application  are :  for  lim^tone^ 
1,000  pounds;  for  raw  rock  phosphate,  500  pounds;  and  for  potassium,  the 
equivalent  of  200  pounds  of  kainit.  The  initial  application  of  limestone  is  usu- 
ally 4  tons  per  acre. 

Explanation  of  S3rmbols  Used 

0    =  Untreated  land  or  check  plots 
M  =  Manure  (animal) 

B  =  Residues  (from  crops,  and  includes  legumes  used  as  green  manure) 
L  =  Limestone 
P  =  Phosphorus 

K  =  Potassium  (usually  in  the  form  of  kainit) 
N  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 
(  )  ==  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
bushels  of  seed 

In  discussions  of  this  sort  of  data,  financial  profits  or  losses  based  upon 
assigned  market  values  are  frequently  considered.  However,  in  view  of  the 
erratic  fluctuations  in  market  values — especially  in  the  past  few  years — ^it  seems 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at  all  satisfactory. 
The  yields  are  therefore  presented  with  the  thought  that  with  these  figures  at 
hand  the  financial  returns  from  a  given  practice  can  readily  be  computed  upoo 
the  basis  of  any  set  of  market  values  that  the  reader  may  choose  to  apply. 

BROWN  SILT  LOAM 

Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.  Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 

The  Morrow  Plots 

It  happens  that  the  oldest  soil  experiment  field  in  the  United  States  is  lo-i 
cated  on  typical  brown  silt  loam  of  the  early  Wisconsin  glaciation,  on  th*  e 
campus  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  Gteorj  ^ 
B.  Morrow,  who  for  many  years  was  Professor  of  Agriculture,  and  these  plr  its 
are  known  as  the  Morrow  plots. 
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Tabim  1.— URBANA  field,  MORROW  PLOTS:    Bbown  Silt  Loam;  PBAmia;  Early 

Wisconsin  GuiaATiON 

Crop  Yields  in  Soil  Experimente— Bushels  or  (tons)  per  acre 


Com 

Years 

8(Ml 

treatment 
applied 

eveny 
year 

Two-year  rotation 

Threo-year  rotation 

Com 

Com 

Oats 

Com 

Oats 

Clover 

1879-87 

None 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  ■  *  • 

1888 

None 

54.3 

49.5 

•  •  •  • 

48.6 

*  •  •  • 

1889 

None 

43.2 

•  •  •  • 

37.4 

(4.04) 

1890 

None 

48.7 

54.3 

•  •  •  • 

(1.51) 
(1.46) 

1891 

None 

28.6 

33.2 

•  •  «  • 

1892 

None 

33.1 

.... 

37.2 

70.2 

•  •  * 

1893 

None 

21.7 

29.6 

•  •  •  • 

34.1 

•  •  • 

1894 

None 

34.8 

•  •  •  « 

57.2 

•  •  •  • 

65.1 

•  •  ■ 

1895 

None 

42.2 

41.6 

•  •  «  • 

•  •  •  • 

22.2 

• . . 

1896 

None 

62.3 

•  •  •  • 

34.5 

•  •  •  • 

.... 

... 

1897 

None 

40.1 

47.0 

•  •  •  • 

•  •  •  • 

• « • . 

•  • . 

1898 

None 

18.1 

•  •  •  ■ 

•  •  •  « 

•  •  •  • 

.... 

•  *  • 

1899 

None 

50.1 

44.4 

•  •  •  * 

53.5 

• . .  • 

•  •  • 

1900 

None 

48.0 

•  •  •  • 

41.5 

•  •  •  • 

• .  •  ■ 

•  •  • 

1901 

None 

23.7 

33.7 

.... 

34.3 

.... 

• .  • 

1902 

None 

60.2 

•  •  •  • 

56.3 

•  •  •  • 

54.6 

•  •  • 

1903 

None 

26.0 

35.9 

•  •  •  • 

•  •  •   • 

•  •  •  • 

(1.11) 

1904 

None 

21.5 

•  •  •  • 

17.5 

55.3 

•  •  •  • 

•  •  •  • 

1904 

MLP 

17.1 

•    «    •    a 

25.3 

72.7 

•  •  •  • 

■  •  *  • 

1905 

None 

24.8 

50.0 

•  •  •  • 

•   •  •  • 

42.3 

•  •  •  • 

1905 

MLP 

31.4 

44.9 

•  •  •  • 

•  *  •  • 

50.6 

•  •  •  • 

1906 

None 

27.1 

•  •  •  • 

34.7 

•  ■  •  • 

.... 

(1.42)' 
(1.74)' 

1906 

MLP 

35.8 

•  •  •  • 

52.4 

•  •  •  • 

. .  ■ . 

1907 

None 

29.0 

47.8 

•  ■  •  • 

80.5 

• . .  • 

.... 

1907 

MLP 

48.7 

87.6 

•  •  •  • 

93.6 

• .  • . 

•  .  •  . 

1908 

None 

13.4 

•  •  •  • 

32.9 

.  *  •  • 

40.0 

•  •  •  • 

1908 

MLP 

28.0 

.  •  • . 

45.0 

• .  •  • 

44.4 

•  •  •  • 

1909 

None 

26.6 

33.0 

•  •  •  • 

•  *  •  • 

.... 

(  .65)« 
(1.73)' 

1909 

MLP 

31.6 

64.8 

•   •  •  • 

• .  •  • 

...  * 

1910 

None 

35.9 

•  •  •  • 

33.8 

58.6 

.  • .  • 

•     •     •     • 

1910 

MLP 

54.6 

•  •  •  • 

59.4 

83.3 

. . .  • 

•     •     • 

• 

1911 

None 

21.9 

28.6 

•  •  •  • 

•  •  •  • 

20.6 

•     •     • 

• 

1911 

MLP 

31.5 

46.3 

•  •  ■  • 

•  •  •  • 

38.0 

•     •    • 

• 

1912 

None 

43.2 

•  •  •  • 

55.0 

•  •  •  • 

•  •  • . 

16. 

3» 

1912 

MLP 

64.2 

•    «    •    a 

81.0 

•  •  •  • 

•  •  •  • 

20. 

0» 

1913 

None 

19.4 

29.2 

•  •  •  • 

33.8 

•  •  ■  • 

• .  * 

• 

1913 

MLP 

32.0 

25.0 

•   •  •  • 

47.8 

•  *  * . 

... 

• 

1914 

None 

31.6 

•  •  •  • 

33.6 

•  •  •  • 

39.6 

... 

• 

1914 

MLP 

39.4 

•  •  •  • 

58.2 

•  •  •  • 

60.4 

. .  • 

• 

1915 

None 

40.0 

49.0 

•  •  •  • 

•  •  •  • 

•  •  •  • 

24. 

2» 

1915 

MLP 

66.0 

81.2 

•  •  •  • 

•  •  •  • 

•  •  •  • 

27. 

V 

1916 

None 

11.2 

*  •  •  • 

37.5 

27.8 

•  •  •  • 

•  •  • 

• 

1916 

MLP 

10.8 

•  •  •  * 

64.7 

40.6 

•  •  •  • 

•  •  • 

• 

1917 

None 

40.0 

48.4 

•  ■  •  • 

•  •  •  • 

68.4 

•  •  • 

• 

1917 

MLP 

78.0 

81.4 

•  •  •  • 

•  •  •  • 

86.9 

•  •  • 

• 

1918 

None 

13.6 

•  •  •  • 

27.2 

*   •  •  •  • 

•  •  •  • 

(2.68) 

1918 

MLP 

32.6 

•  •  •  • 

59.3 

•  •  •  • 

•  •  •  • 

(4.04) 

1919 

None 

24.0 

30.8 

•  •  •  • 

52.2 

•    •    a    • 

.  *  •  • 

1919 

MLP 

43.4 

66.2 

•  •  •   ■ 

70.8 

•    •    •    • 

.... 

1920 

None 

28.2 

•  •  •  • 

37.2 

•  •  •  • 

52.2 

.... 

1920 

MLP 

54.4 

•  •  •  • 

51.6 

•  •  •  • 

69.7 

.  *  •  • 

I 


^Soybeans. 

*In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 

*In  addition  to  the  hay,  1.17  busheb  of  seed  were  harvested- 
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Tablb  2.— URBANA  field,  MORROW  PIX>TS:    GunsAL  Sdiourt 
Buibela  or  (tons)  per  Acra 


Sou 
treatmeDt 
applied 

Com 
every 
year 

Two-year  rotation 

Thie^year  rotation 

Yean 

Com 

Oata 

Com 

Oats 

CloTet 

1888 
to  1903 

None 

learopi 
39.7 

Pcrop. 
41.0 

44.0 

48.0 

47.6 

(2.03) 

IQM 
to  1920 

None 

MLP 

nervpi 
26.6 
41.1 

'ST 

62.2 

9eropi 
34.4 
fi6.2 

fferopi 
61.4 
08.1 

5S.3 

(1.65)' 
(2.50)' 

Ono  crop  of  soybean  hay. 

The  Morrow  series  now  consiBts  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  com  is  grown  continuously; 
on  the  second  com  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  has 
been  treated  since  1904,  receiving  standard  applications  of  farm  manure  with 
cover  crops  grown  in  the  one-crop  and  two-crop  systems.  Phosphorus  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  pounds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phoephate  was  in- 
creased sufficiently  to  bring  up  the  total  amount  applied  to  four  times  the  quan- 
tity of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  pounds  of  bone  meal  per  acre  per  year.  In 
1904  ground  limestone  was  applied  at  the  rate  of  1,700  pounds  per  acre  to  the 
south  half  of  each  plot,  and  in  1918  a  furtJier  application  was  made  at  the  rate 
of  5  tons  per  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 


Pifl.  1. — Corn  on  the  Morbow  Plots  in  IfllO 
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Table  1  gives  the  yearly  records  of  the  crop  yields,  and  Table  2  presents 
the  same  in  summarized  form. 

Summarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half-plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the. 
continuous  corn  plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one-third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  com  and  oats  production,  while  the  averages  for  the 
three-year  system  show  an  increase  in  com  yield  and  decreases  in  oats  and 
clover.  Unfortunately  the  numbers  of  crops  included  in  these  last  averages  arc 
too  small  to  warrant  positive  conclusions. 

The  increase  brought  about  by  Boil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 

The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  1901. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
"field"  in  a  crop  rotation  system. 

Prom  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  com  and' oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  with  a  crop 
rotation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows : 

Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and  8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (R)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
in  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 

Manure  (M)  was  applied  preceding  com,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
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Tabm  3.— URBANA  field,  DAVENPORT  PLOTS:    Bbowh  8wr  Loam, 

WiBOONsnr  Glacution 


Ten- Year  Average  Annual  Yields — 

191M920 

Bushels  or 

(tons)  per  acre 

Serial 
plot 
No. 

SoU 

treatment 

applied 

Com 

Oats 

Wheat 

Clover 
6  crops 

Soybeans 
6  orope 

AHatfa 

1 

0 

66.6 

60.6 

26.0 

(2.42) 

(1.47) 

(2.43) 

2 

R 

67.1 
66.3 
64.8 
69.6 

62.3 
61.9 
66.6 
64.1 

28.7 
28.2 
31.4 
32.8 

1.47* 
(2.66) 

1.61^ 
(2.90) 

19.8 
(1.62) 
20.3 
(1.67) 

(2.46) 
(2.62) 

3 

M 

4 

RL 

(2.72) 

6 

ML 

(3.03) 

6 

RLP 

71.6 
73.0 
70.9 
70.2 

69.8 
68.6 
72.6 
72.0 

43.0 
40.0 
40.7 
39.2 

2.29» 
(3.62) 

1.79» 
(3.40) 

23.6 
(1.97) 
26.6 
(2.20) 

(3.69) 

7 

MLP 

(3.76) 

8 

RLPK 

(3.77) 

9 

MLPK 

(3.73) 

10 

Mx6LPx6 

66.9 

71.4 

40.6 

(3.31) 

(2.22) 

(3.77) 

^In  addition  to  the  obver  seed,  a  crop  of  hay  was  harvested  one  year  on  Plots  2,  4,  6,  and  8» 
yielding  2.38,  2.20,  2.64,  and  2.39  tons,  respectively. 

luted  for  the  bone  meal  on  one-half  of  each  of  these  plots.  These  applications 
continued  until  1918  when  adjustments  were  begun,  first  to  make  the  rate  of 
application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
lotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9  in  connection 
with  the  bone  meal  and  rock  phosphate,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  "extra  heavy''  treatment  was  not  begun  untH 
1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  The  purpose  in  making  these  heavy  applications  is  to  try  to 
determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limitations 
of  inadequate  fertility. 

It  will  be  observed  that  the  applications  described  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  system, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues,  is  exemplified  in  Plots 
2,  4,  6,  and  8 ;  and  the  live-stock  system,  in  which  farm  manure  is  utilized  for  soil 
enrichment,  is  represented  in  Plots  3,  5,  7,  and  9. 

Table  3  shows  a  summary  of  the  results  obtained  on  the  Davenport  plots 
beginning  with  the  year  1911,  when  the  present  cropping  system  was  introduced. 

When  used  in  conjunction  with  phosphorus  the  crop  residues  and  the 
manure  appear  about  equally  effective;  but  where  phosphorus  is  not  applied, 
the  manure  has  been  decidedly  more  effective,  under  the  conditions  of  the  ex- 
periment. It  should  be  observed,  however,  in  this  connection,  that  the  plowing 
under  of  clover  is  a  very  essential  feature  of  the  residues  system,  and  that,  as 
a  matter  of  fact,  there  were  five  clover  failures,  when  soybeans  were  substituted, 
during  the  ten  years.  Perhaps  with  a  more  reliable  biennial  legume  than  red 
clover,  the  results  would  have  been  more  favorable  for  this  system. 


Iboqdoib  Countt 


Manure 
Yield:    1.48  tons  pet  acre 

Fia.  2.— Clovxb  oh  tsb  Davempobt  Plots  in  1913 

By  compariog  Plots  2  and  3  with  Plots  4  and  5,  it  is  fotuid  that  limestone 
has  had  a  beneficial  effect  on  all  crops.  What  the  financial  profit  amounts  to 
depends  obviously  upon  the  market  value  of  the  crops  and  the  cost  of  the  lime- 
stone. 

Comparing  Plots  4  and  5  with  Plots  6  and  7,  respectively,  there  is  found 
in  all  cases  an  increase  in  crop  yield  as  a  result  of  adding  phosphorus.  The 
effect  on  wheat  is  especially  pronounced.  "Where  limestone  aod  phosphorus 
are  applied  in  addition  to  the  crop  residues,  au  increase  of  17  bushels  of  wheat, 
over  the  yield  of  the  untreated  land,  has  been  obtained  as  a  ten-year  average. 

The  effect  of  adding  potassium  to  the  treatment  is  of  much  interest.  Plots 
8  and  9  are  the  same  as  Plots  6  and  7,  respectively,  except  that  potassium  has 
been  applied  to  the  former.  On  the  whole,  no  significant  benefit  is  shown  from 
the  addition  of  potassium. 

No  benefit  appears  as  the  result  of  the  extra-heavy  applications  of  manure 
and  phosphorus  on  Plot  10.  In  fact  the  com  yields  are  noticeably  less  here 
than  on  the  plots  receiving  the  normal  applications  of  these  materials. 

The  University  South  Pann 
On  the  University  South  Farm,  at  Urbana,  several  series  of  plots  devoted 
primarily  to  variety  testing  and  other  crop-production  experiments  are  so  laid 
out  as  to  show  the  effects  of  certain  soil  treatments  that  have  been  applied. 
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Several  different  systems  of  crop  rotation  are  employed  and  the  crops  are  so 
handled  as  to  exemplify  the  two  general  systems  of  farming,  grain  and  live- 
stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  sys- 
tems of  cropping.  The  first,  designated  as  the  Southwest  rotation,  is  to  be 
regarded  a^  a  good  rotation  for  general  practice,  on  this  type  of  soil,  under  Illi- 
nois conditions.  This  is^a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 
The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oats,  and  clover, 
represents  a  system  very  commonly  practiced;  and  the  third  or  South-C!entral 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  must  be  considered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land. 

Tablb  4.— URBANA  field,  SOUTH  FARM:    Bbowh  8n.T  Loam,  Pbaibib;  Eablt  Wis- 

coNsm  Glaciatioii 

Average  Amiual  Yields — Bushels  or  (tons)  per  acre 


Southwest  Rotation:    Series  100,  200,  400>:    Wheat,  Com,  Oats,  Clover* 


SoU 

treatment 

applied* 

Com 
9  crops 

• 

Oats* 
9  crops 

Wheat* 
8  crops 

Clover* 
3  crops 

Soybeans 
7  crops 

RP 

62.3 
51.9 
69.7 
64.3 

51.9 
46.5 
50.2 
55.4 

41.0 
26.9 
29.1 
43.1 

1.05 

1.38 

(2.28) 

(2.86) 

17.3* 

R 

16.2* 

M 

(1.25) 
(1.61) 

MP 

RLP 

60.5 
49.7 
55.5 
64.1 

57.2 
49.6 
54.1 
59.6 

41.8 
25.8 
27.8 
43.9 

.64 
.83 

(1:77) 

16.4* 

R 

14.7* 

M 

(1.28) 
(1.68) 

MLP 

\"^  *  ^^^^f 

North-Central  Rotation:    Series  500,  600,  700>:    Com,  Com,  Oats,  Clovo** 


SoU 

treatment 

applied* 

Com 
Ist  year 
9  crops 

Com 
2d  year 
9  crops 

Oats 
9  crops 

Clover 
5  crops 

Soybeans 
4  crops 

RP 

56.7 
51.7 
54.9 
56.6 

51.1 
46.2 
46.7 
63.4 

56.1 
62.0 
52.1 
56.9 

.54 
.60 
(2.29) 
(2.73) 

16.9 

R 

16.0 

M 

(1.60) 
(1.74) 

MP 

\* .  •  */ 

South-Central  Rotation:    Series  500,  6OO1  700>:    Cora,  Com,  Com,  Soybeans 


SoU 

treatment 

applied* 

Com 
1st  year 
9  crops 

Com 
2d  year 
9  crops 

• 

Com 
3d  year 
9  crops 

Soybeans 
9  crops 

RP 

51.9 
45.6 
50.1 
54.5 

44.0 
39.9 
42.1 
46.7 

41.3 
35.2 
33.5 
42.0 

• 

20.0 

R 

19.2 

M 

(1.59) 
(1.66) 

MP 

^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

'Soybeans  when  clover  fails. 

•Omy  seven  crops  with  limestone. 

K)nly  one  crop  with  limestone. 

•Average  of  five  crops. 

*A11  phosphorus  plots  received  14  ton  per  acre  of  limestone  in  1903. 
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Tabu  S. — Coupabino  Phoduction  op  Corn  in  Trbbn  Diitsrbnt  Rotation  Sibtiiib 

AcBB  YiBuw  PWMi  Plots  on  tbm  Univbbsiti  South  Fahm 

Twelve-Year  ATerage  (1908-1019)— Buahels  per  acre 


osta-legume' 

legume" 

Tnatment 

Cora 

iBtCom    2d  Cora 

let  Cora    2d  Cora    3d  Corn 

Onanic  manurea 

6S.8 
63.2 

53.3          46.0 
66.6          62.3 

63.2          46.3          41.6 

*Clovw  3  crops,  and  aoybeans  7  cropa. 
*Clo7er  6  cropa,  and  aoybeans  6  crops. 
^Soybouia  9  cropa. 

On  the  whole,  the  "residues"  have  not  returned  yields  qnite  so  high  as 
these  produi>ed  by  the  manure  treatment ;  but,  as  remarked  above  in  the  disciu- 
sion  of  the  Davenport  plots,  the  residues  system  has  probably  been  at  a  diaad- 
Taotagfl  thru  frequent  clover  failures.  On  the  North-Central  rotation,  where 
conditions  seem  to  have  been  more  favorable  for  clover,  there  is  very  little  dif 
ference  between  the  efFect  of  manure  and  of  residues. 


Pio.  8, — ^Whbat  on  the  University  South  Fabu  l 
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In  the  rotation  system  in  which  limestone  is  being  applied,  no  ben^t  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test,  however,  has  hardly  been  of  sufficient  duration  to  warrant  final  con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  yield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  com  yields  produced 
under  different  s^ystems  of  cropping.  Table  5  gives  a  general  summary  of  the 
com  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ''organic  manures."  The  highest  annual  acre-yields 
are  found  where  corn-occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-yields  are  less ;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  general 
farm  management. 

BLACK  CLAY  LOAM 

The  Hartsburg  experiment  field,  representing  black  clay  loam  of  the  middle 
Illinoisan  glaciation,  is  located  in  Logan  county  just  east  of  Hartsburg.  The 
work  was  begun  here  in  1913.  There  are  five  series  of  ten  plots  each.  A  crop 
rotation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field,  is  practiced. 
The  soil  treatments  are  as  indicated  in  Table  6.    The  table  also  summarizes  the 

Table  6— HARTSBURG  FIELD:    Black  Glat  Loam,  PsAiEia;  Mmoui  Illinoisan 

Glaciation 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Serial 
plot 
No. 


1 
2 

3 
4 


5 
6 
7 
8 
9 


10 


.   Soil 
treatment 
applied 

0 

M 

ML 

MLP 

0 

R 

RL 

RLP 

RLPK 

0 


Wheat 
5  crops 


22.6 
27.4 
34.2 
38.2 


33.3 
34.0 
32.0 
36.4 
35.2 


31.7 


Gom 
8  crops 


43.4 
48.3 
56.9 
56.0 


46.8 
58.2 
63.7 
61.1 
59.5 


46.7 


Oats 

7  crops 

45.4 
50.2 
57.9 
57.3 


43.8 
55.6 
54.9 
59.0 
57.2 


46.9 


Glover 
4  crops 


.74« 
1.22« 
1.32« 
1.41« 
1.42« 


(2.14) 


Soybeans 
2  crops 


25.8 
26.8 
28.4 
26.1 
26.4 


(1.69) 


Alfalfa 
8  crops' 


(3.02) 


'No  residues  except  on  last  two  crops. 

*In  addition  to  the  clover  seed,  hay  was  harvested  on  Plots  5,  6,  7,  8,  and  9  amounting  to 
.56,  1.01,  1.11,  1.20,  and  1.03  tons,  respectively. 
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yields,  by  crops,  for  the  period  during  which  the  plots  have  been  under  full 
treatment. 

Under  the  conditions  of  these  experiments,  residues  alone  have  proved  to  be 
more  effective  than  manure  alone  in  the  production  of  wheat,  com,  and  oats. 

Liimestone  used  with  manure  has  given  such  greatly  increased  yields  as  to 
leave  no  doubt  about  the  profitableness  of  its  use.  When  applied  with  residues, 
however,  there  appears  to  be  on  the  whole  little  advantage  from  the  use  of 
limestone^ 

Phosphorus  has  given  good  returns  on  the  wheat  crop,  but  with  the  other 
croi>8  its  recommendation  would  be  doubtful.  In  this  connection  attention 
should  be  called  to  the  fact  that  chemical  analysis  of  this  black  day  loam  type 
generally  shows  a  relatively  high  phosphorus  content.  The  experience  on  this 
field  seems  to  bear  out  what  the  analyses  show. 

The  addition  of  potassium  has  produced  a  depressing  effect  obi  the  yields 
of  all  grain  crops,  and  with  the  alfalfa  the  small  gain  could  scarcely  be  con- 
sidered significant. 

YBLLOW-GRAY  SILT  LOAM 

Yellow-gray  silt  loam  exhibits  an  important  variation  with  respect  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  sur- 
face. Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by 
different  experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it 
is  thought  well  to  introduce  here  the  records  of  two  fields,  that  are  representative 
of  the  type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illi- 
nois and  one  in  the  southern  part  of  the  state. 

The  Antioch  field  is  located  on  the  late  Wisconsin  glaciation,  in  Lake 
county,  dose  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but 
a  single  series  of  ten  plots,  under  a  rotation  of  com,  com,  oats,  and  wheat ;  but 
beginning  with  1911  the  rotation  has  been  wheat,  com,  oats,  and  clover.  It  was 
started  in  order  to  learn  as  quickly  as  possible  what  effect  woruld  be  produced 
by  the  addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used 
singly  and  in  combination.  These  elements  were  all  applied  in  commercial  form 
until  1911,  after  which  the  use  of  commercial  nitroigen  was  discontinued  and 
crop  residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the  earlier 
years  in  800  pounds  per  acre  of  dried  blood.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  daked  lime  was  applied ;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 

Table  7  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  prom- 
inently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.  Also,  the 
results  are  unfavorable  for  the  application  of  limestone.  Limestone,  however, 
is  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 
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Fi«.  4. — Cloves  in  1913  on  Amtioch  Field 


Tabu  7.— ANTIOCH  FIELD:     Yiuaw-CIsat  Silt  Loam,  Timbu  Son.;  Lati  WucxjiraiM 

Glaciatios 

Average  Annual  Yields — Buahels  or  (tona)  per  acre 


Serial 

Com 
Scrope 

OatB 
Scrope 

Wheat 
4cropa 

Clover 
aeed 
2  crops 

23.9 
21.3 

32.3 
^.8 

16.8 
13.2 

2 

L 

.30 

LR 

21.3 
80.7 
23.7 

29.9 
43.6 
27.8 

20. Q 
36.7 
19.2 

6 

LK 

.67 

33.8 
24.3 
28.1 

43.3 
38.2 

33.3 
20.8 
30.9 

LRK 

.69 

S 

LPK 

1.28 

38. 3 
38.4 

42.0 
44.7 

28.0 
30.2 

RPK         

The  Raleigh  experiment  field  is  located  on  the  lower  lUmoisan  gladation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  out  into  fonr  series  of 
ten  plots  each,  nnder  a  rotation  of  wheat,  com,  oats,  and  clover.  The  treat- 
ments, along  with  the  Bummarized  results,  are  given  in  Table  8. 

The  outstanding  feature  oE  these  results  is  the  effect  of  limestone.  Altho 
manure  alone  produces  a  substantial  increase,  especially  in  the  com  crop,  when 
limestone  is  added  a  remarkable  increase  is  found  in  all  crops.  A  most  im- 
portant fact  is  that  the  organic  matter  can  be  effectively  built  up  thru  the  oae 
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Tablb  8. — RALEIGH  FIELD:  Ysllow-Gbat  Silt  Loam,  Tihbib  Son.;  Lowxk  Iujnoiban 

GiMmnos 

Average  Annual  Yields — Bushels  or  (tons)  per  acie 


SoU 
treatment 
applied 

Corn 
lOcropa 

Oats 
lOcrope 

Wheat 
6crope 

CloTer 
4  crops 

Soybeans 
4  crops 

1 

17.3 
29.7 
40.9 
41.2 

10.4 
13.0 
20.0 
20,3 

6.8 
7.7 
21.0 
21.6 

lis 

ML 

i:08) 

4 

MLP 

1.24) 

17,3 
20.1 
34.9 
36.5 
41.9 

10.3 
12.8 
21.fi 
22.7 
23.6 

7.0 
8.4 
18.8 
21.2 
22.4 

.00       .01' 
.00       .01' 

1.60  >     .10' 

1.61  '     .09' 
(1.79)'     .12' 

2.3 

8 

RLP 

6.8 

9 

RLPK 

6,0 

10 

0 

19.6 

11.6 

6.fi 

(1.06) 

C  .57) 

of  crop  residues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  under  this  "grain  system"  of  farming  as  where  i 


Pfaoaphoms  thus  far  has  given  only  moderate  returns  in  increased  crop 
yields,  but  vith  an  increasing  quantity  of  oi^anic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  will  show  up  more  favorably  on  sub- 
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sequent  crops.  As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
increase  of  5.4  bushels  of  com  in  the  residues  system,  the  beneficial  e£Fect  has  not 
been  sufScient  to  justify  the  use  of  this  material. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
stone; while  the  Raleigh  field  represents  the  lower  lUinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recomm^dation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  applying  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  under  the  discussion,  of  limestone  on  page  36  of 
the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
on  other  fields  located  on  this  same  type  of  soil.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  tiy  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is  not  far  off  when 
phosphorus  will  become  a  limiting  element  to  crop  production,  and  the  wise 
farmer  will  watch  carefully  the  indications  and  be  ready  to  make  timely  pro- 
vision for  this  need. 

DUNE  SAND 

In  1913  the  University  came  into  possession  of  a  tract  of  dune  sand  on 
terrace,  in  Henderson  county,  near  the  Mississippi  river,  upon  which  an  ex- 
periment tield  was  laid  out  to  determine  the  needs  of  these  sand  soils.  This 
field  is  divided  into  six  series  of  plots.  Corn,  soybeans,  wheat,  sweet  clover,  and 
rye,  with  a  catch  crop  of  sweet  clover  seeded  in  the  rye  on  the  residues  plots, 
are  grown  in  rotation  on  five  series,  while  the  sixth  series  is  devoted  to  alfalfa. 
When  sweet  clover  seeded  in  the  wheat  fails,  cowpeas  are  substituted. 

No  catch  of  alfalfa  or  of  sweet  clover  was  obtained  till  the  alfalfa  drill  was 
used  in  seeding.    This  covers  the  seed  about  one-half  inch  deep. 

Table  9  indicates  the  kinds  of  treatment  applied,  the  amounts  of  the  mater- 
ials used  being  in  accord  with  the  standard  practice,  as  explained  on  page  46. 

The  data  make  apparent  the  remarkably  beneficial  action  of  limestone  on 
this  sand  soil.  Where  limestone  has  been  used  in  conjunction  with  crop  residues, 
the  yield  of  corn  has  been  doubled.  The  limestone  has  also  produced  a  fair  crop 
of  rye  and  excellent  crops  of  sweet  clover  and  alfalfa. 

This  land  appears  to  be  quite  indifferent  to  phosphorus  treatment.  The 
analysis  shows,  however,  that  the  stock  of  phosphorus  in  this  type  of  soil  is  not 
large,  and  it  may  develop  as  time  goes  on  and  the  supply  diminishes  along  with 
the  production  of  good-sized  crops,  that  the  application  of  this  element  will 
become  profitable. 
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Manure 
Yield:    NoOdDg 

Fia.  6.— Alfalfa  o 


Manure  and  liaestone 
Tield:    4.43  Una  per  acre 
Oquawka  Field  in  1918 


Tablb  9.--0QUAWKA  FIELD:     DuM  Sakd,  Twibacb 
Average  Aiinusl  Yields— Busbeia  or  (tona)  per  acra 


Serial 

Boil 
treatment 
applied 

Cora 
6  crops 

Soy- 

beaiis> 
6  crops 

Wheat 
6  crops 

Sweet 
clover 
4  Props 

Rye 
4  crops 

Alfalfa 
3  crops 

14.3 
18.9 
23.4 
22.2 

(  .89 
(1.01 
(1.27 
(1.20 

6.4 
SI 
9.7 
10.1 

0 

0 
(1.20) 
h.26) 

12.1 
13.3 
20.1 
19.fi 

:i3i 

MI 

(1  88) 

4 

MLP 

(2.03) 

5 
6 

0 

R 

14.4 
16.2 
20.3 
29.3 
32.7 

3.6 
3.6 
6.6 
6.4 
6.0 

7.4 
8.1 
9.1 
10.4 
9.4 

2  crops   2  crops 
{     0)          0 
(     0)          0 
(1.47)       2.53 
(1.39)       2.20 
fl.63)      2.84 

13.7 
14.1 
23.2 
24.2 
23.7 

.14) 

.12) 

(2  05) 

9 

RLPK 

1.86) 

10 

0 

11.4 

{  .60) 

6.4 

(    0    ) 

10.6 

(  -06) 

■  In  1918  sweet  clover  was  killed  by  being  o 
Aud  the  following  yields  obtained:  .86.110,1.93 
11.1,  9.9, 14.6, 15.8,  and  16.6  bushels  of  seed  per  a 
on  Plot  10. 


for  hay.  Soybeans  were  seeded  on  these  plots 
and  2.00  tons  of  hay  per  acre  on  Plots  1  to  4; 
:re  on  Plots  6  to  9;  and  .62  ton  of  bay  per  acre 


Altho  the  results  show  an  increase  of  3.4  bushels  of  com  from  the  use  of 
potassium  suits,  with  ordinary  prices  this  would  not  be  a  profitable  treatment. 
The  .64  bushel  gain  in  sweet-clover  seed  is  the  average  of  two  crops  only,  and 
this  is  insufficient  data  upon  which  to  base  concluBions.  The  other  crops  all 
show  negative  results  from  the  potassium  application. 
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Experience  thus  far  shows  rye  to  be  better  adapted  to  this  land  than  wheat, 
and  both  alfalfa  and  sweet  clover  thrive  better  than  soybeans.  With  these  two 
legume  crops  thriving  so  well  under  this  simple  treatment,  we  have  promise 
of  tremendous  possibilities  for  the  profitable  culture  of  this  land,  which  hitherto 
has  been  considered  as  practically  worthless. 

Deep  Peat 

As  representing  the  deep  peat  type  of  soil,  the  results  are  introduced  from 
an  exi>eriment  field  conducted  at  Manito  in  Mason  county  during  the  years 
1902  to  1905  inclusive. 

The  results  of  the  four  years'  tests,  as  given  in  Table  10,  are  in  complete 
harmony  with  the  information  furnished  by  the  chemical  composition  of  peat 
soil.  Where  potassium  was  applied,  the  yield  was  from  three  to  four  times  as 
large  as  where  nothing  was  applied.  Where  approximately  equal  money  values 
of  kainit  and  potassium  chlorid  were  applied,  slightly  greater  yields  were  ob- 
tained with  the  potassium  chlorid,  which,  however,  supplied  about  one-third 
more  potassium  than  the  kainit.  On  the  other  hand,  either  material  furnished 
more  potassium  than  was  required  by  the  crops  produced. 

The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no 
appreciable  increase  over  the  best  untreated  plots,  indicating  that  where  potas- 
sium is  itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 

Applications  of  2  tons  per  acre  of  ground  limestone  produced  no  increase 
in  the  com  crops,  either  when  applied  alone  or  in  combination  with  kainit, 
either  the  first  year  or  the  second. 

Reducing  the  application  of  kainit  from  600  to  300  pounds  for  each  two- 
year  period  reduced  the  yield  of  com  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  com  (grain  and  stalks) . 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  between  the 
yield  of  Plot  9  (125.9  bushels)  and  the  yield  obtained  from  Plot  2  (42.9  bushels), 
the  poorest  untreated  plot. 


Table  10.— MANITO  FIELD:    Deep  Peat 
Com  Yields — ^Bushels 


Plot 
No. 

SoU  treatment 
for  1902 

Ck)m 
1902 

Com 
1903 

Soil  treatment 
for  1904 

Com 
1904 

Com 
1905 

Four 
crops 

1 

None 

10.9 
10.4 

8.1 
10.4 

None 

17.0 
12.0 

12.0 
10.1 

48.0 

2 

None 

Limestone,  4000  lbs 

42.9 

|3 
r  5 

r 

Kainit,  600  lbs 

)  Kainit,  600  lbs \ 

1  Addulat'd  bone,  350  lb.  f 
Potassium  chlorid, 
200  lbs 

30.4 
30.3 

31.2 

32.4 
33.3 

33.9 

(  Limestone,  4000  lbs. .  { 

?  Kainit,  1200  lbs S 

f  Kainit,  1200  lbs \ 

\  Steamed  bone,395  lbs.  \ 
Potassium  chlorid, 
400  lbs 

49.6 
53.5 

48.5 

47.3 
47.6 

52.7 

159.7 
164.7 

166.3 

6 

Sodium  chlorid,  700  lbs. 

11.1 

13.1 

None 

24.0 

22.1 

70.3 

7 
8 
9 

Sodium  chlorid,  700  lbs. 

Kainit,  600  lbs 

Kainit,  300  lbs 

13.3 
36.8 
26.4 

14.5 
37.7 
25.1 

Kainit,  1200  lbs 

Kainit,  600  lbs 

Kainit,  300  lbs 

44.5 
44.0 
41.5 

47.3 
46.0 
32.9 

125.9 

10 

None 

14. 9» 

14.9 

None. 

26.0 

13.6 

69.4 

'Estimated  from  1903;  no  3deld  was  taken  in  1902  because  of  a  misunderstanding. 
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Several  different  i^ystems  of  crop  rotation  are  employed  and  the  crops  are  bo 
handled  as  to  exemplify  the  two  general  systems  of  farming^  grain  and  live- 
stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  83^8- 
tems  of  cropping.  The  first,  designated  as  the  Southwest  rotation,  is  to  be 
regarded  aa  a  good  rotation  for  general  practice,  on  this  type  of  soil,  under  Illi- 
nois conditions.  This  is^a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 
The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oats,  and  clover, 
represents  a  system  very  commonly  practiced ;  and  the  third  or  South-Central 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  must  be  considered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land. 

Tabli  4.— URBANA  field,  SOUTH  FARM:    Bbown  8wr  Loam,  Pbairib;  Eablt  Wis- 
consin Glaoation 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 


Southwest  Rotation:    Series  100,  200,  400':    Wheat,  Com,  Oats,  Clover* 


Soil 

treatment 
applied* 

Com 
0  crops 

Oats* 
9  crops 

Wheat* 
8  crops 

CloveH 
3  crops 

Soybeans 
7  crops 

RP 

62.3 
61.9 
69.7 
64.3 

61.9 
46.6 
60.2 
66.4 

41.0 
26.9 
29.1 
43.1 

1.06 

1.38 

(2.28) 

(2.86) 

17. 3* 

R 

16.2* 

M 

(i:61) 

MP 

RLP 

60.6 
49.7 
66.6 
64.1 

67.2 
49.6 
64.1 
69.6 

41.8 
26.8 
27.8 
43.9 

.64 
.83 

(1:77) 

16.4* 

R 

14.7* 

M 

(1.28) 
(1.68) 

MLP 

\*  •  '"^Z 

North-Central  Rotation:    Series  600,  600,  700^*    Com,  Com,  Oats,  Clover* 


SoU 

treatment 

applied* 

Com 
1st  year 
9  crops 

Com 
2d  year 
9  crops 

Oats 
9  crops 

Clover 
6  crops 

Soybeans 
4  crops 

RP 

66.7 
61.7 
64.9 
66.6 

61.1 
46.2 
46.7 
63.4 

66.1 
62.0 
62.1 
66.9 

.64 
.60 
(2.29) 
(2.73) 

16.9 

R 

16.0 

M 

8:S! 

MP 

\*  •  ■  — / 

South-Central  Rotation:    Series  600,  600,  700*:    Com,  Com,  Com,  Soybeans 


Soil 

treatment 

applied* 

Com 
Ist  year 
9  crops 

Com 
2d  year 
9  crops 

Com 
3d  year 
9  crops 

Soybeans 
9  crops 

RP 

61.9 
46.6 
60.1 
64.6 

44.0 
39.9 
42.1 
46.7 

41.3 
36.2 
33.6 
42.0 

20.0 

R 

19.2 

M 

(1.69) 

MP 

(1.66) 

^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

*Soyb«ms  when  clover  fails. 

*Ozily  seven  crops  with  limestone. 

M3nly  one  crop  with  limestone. 

'Average  of  five  crops. 

*A11  phosphorus  plots  received  }i  ton  per  acre  of  limestone  in  1903. 
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Twelve-Year  Average  (1908-1919)— Buriwla  per  acre 

KotatioQ 

Wheat-com- 

legume* 

Treatment 

Coni 

iBtCom    2d  Cora 

iHtCora    2d  Cora    3d  Cora 

55.8 
63.2 

63.3          46.0 
56.6          52.3 

Otsfttiic  manum,  phospbonia . 

63.2          45.3          41.6 

'Clow  3  eropa,  and  Mybeaiu  7  crops. 
■Clovar  fi  crape,  and  soyb«ana  fi  cropa. 
■Soybeans  9  crops. 

On  the  whole,  the  "residues"  have  not  returned  yields  quite  so  high  aa 
thcfie  produ(;ed  by  the  manure  treatment ;  but,  as  remarked  above  in  the  discus- 
sion of  the  Davenport  plots,  the  residues  system  has  probably  been  at  a  disad- 
vantage thru  frequent  clover  failures.  On  the  North-Central  rotation,  where 
conditions  seem  to  have  been  more  favorable  for  clover,  there  is  very  little  dif 
ference  between  the  effect  of  manure  and  of  residues. 


Bealduea  plowed  ander 
Tield:    35.2  bushels  per  aci 


— Whbat  on  THi  Unitebsity  South  Paem  i 


IN  RECOGNITION 

TIm  3oil  Survvjr  of  Illinois  waa  ofgMfiaed  undar  tlie  supanriilon  of  tho 
iafee  Dr*  Cyril  G*  Hopidna*  Tha  work  ptbgratiad  for  aightaan  sraara  tmdar 
his  guidanea  and  tha  first  aightaan  soil  raports  baar  his  npma  as  sstilcir 
author.  On  Octobar  6«  ISld,  Dr.  Hopkins  diad  in  a  fbraign  land  in  tha  mrw» 
laa  of  tha  Amarican  Rad  Cross,  It  is  tha  purpoaa  to  carrjr  an  to  complatibp 
this  graat  work  of  tha  Jllinois  Soil  Survay  in  tha  qpirit,  and  along  tha 
gwiaral  plan  and  Unas  of  procadura,  in  which  it  was  bagun. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vary  tremendously  in  their 
productive  power,  depending  upon  their  physical  condition,  their  chemical  com- 
position, and  their  biological  activities.  For  any  comprehensive  plan  of  soil 
improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 
lands,  a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 
first  essential.  It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 
Boil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 
description  and  for  mapping.  With  the  information  that  such  a  survey  affords, 
every  farmer  or  land  owner  of  the  surveyed  area  has  at  hand  the  basis  for  a 
rational  system  of  improvement  of  his  land.  At  the  same  time  the  Experiment 
Station  is  furnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 
gently to  base  plans  for  those  fundamental  investigations  so  necessary  for  solving 
the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement.  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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DEKALB  COUNTY  SOILS 

By  J.  e.  HOSIER,  H.  W.  8TEWABT,  £.  E.  DE  TURK,  akd  H.  J.  SNIPER 
Pbbpabbd  worn  Publioatxon  bt  L.  H.  SMITH^ 

LOCATION  AND  CLIMATE  OF  DE  EALB  COUNTT 

DeEalb  county  is  situated  in  the  northern  part  of  Illinois  about  twenty-five 
miles  south  of  the  Wisconsin  line  and  fifty  miles  west  of  Lake  Michigan.  It  is 
approximately  36  miles  long  and  18  miles  wide,  and  has  an  area  of  632.7  square 
miles.  About  five-sixths  of  the  county  lies  in  the  early  Wisconsin  glaciation,  and 
the  remainder  in  the  lowan. 

The  temperature  of  DeEalb  county  is  characterized  by  a  wide  range  between 
tlie  extremes  of  summer  and  winter.  The  greatest  range  of  any  year  since  1884 
at  Sycamore  in  this  county  was  125  degrees.  The  lowest  temperature  recorded 
was  — ^28** ;  the  highest,  106°.  The  average  date  of  the  last  killing  frost  in  spring 
is  May  2;  the  earliest  in  fall,  October  5.  The  growing  season  therefore  is 
about  156  days  long. 

The  average  annual  precipitation  at  Sycamore  from  1882  to  1920  was  33.65 
inches.  The  average  rainfall  by  months  for  this  period  was  as  follows :  January, 
1.69  inches;  February,  1.68;  March,  2.54;  April,  3.06;  May,  4.18;  June,  3.94; 
July,  3.34;  August,  3.22;  September,  3.38;  October,  2.77;  November,  2.11; 
December,  1.74.  The  percentage  of  total  rainfall  for  each  season  is:  winter, 
15.1 ;  spring,  29.2 ;  summer,  31.3 ;  autunm,  24.4.  The  year  of  heaviest  rainfall 
on  record  was  1883,  when  the  precipitation  was  50.91  inches;  the  driest  year  was 
1901,  when  the  rainfall  was  but  21.35  inches. 

AOSICULTURAL  PRODUCTION 

DeEalb  county  is  primarily  agricultural.  Practically  the  entire  county  is 
made  up  of  tillable  land,  a  large  percentage  of  which  is  prairie.  In  1920  there 
were  2,400  farms  having  an  average  of  157.7  acres,  147.4  acres  of  which  was 
improved  land.  Fifty-one  percent  of  these  farms  were  operated  by  tenants.  This 
was  a  decrease  of  almost  2  percent  in  the  last  ten  years. 

The  principal  crops  are  corn,  oats,  spring  wheat,  pasture,  hay,  barley, 
winter  wheat,  rye,  clover,  and  soybeans.  The  Fourteenth  Census  of  the  United 
States  (1920)  reports  the  following  as  the  acreage  and  yield  of  the  principal 
crops.  It  must  be  remembered  that  these  figures  are  for  but  a  single  year,  that 
of  1919. 


*  J.  G.  MoBier,  in  charge  of  soil  survey  mapping ;  H.  W.  Stewart,  in  charge  of  field  party ; 
£.  £•  DeTurl^  in  charge  of  soil  analysis ;  H.  J.  Snider,  in  charge  of  experiment  fields ;  L.  H. 
Smith,  in  charge  of  publications. 
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CropM  Acreage  Production 

Com 109,839  5,085,706  bu. 

Oats 64,922  2,529,138  bu. 

Wheat 47,330  933,640  bu. 

Barley 10,852  299,257  bu. 

Byo 2,183  44,836  bu. 

Timothy 8,213  12,670  tons 

Timothy  and  clover  mixed 28,073  50,691  tons 

Clover 2,115  3,617  tons 

Alfalfa 838  2,127  tons 

Silage  crops 14,023  119,490  tons 

Com  out  for  forage 8,794  23,882  tons 

The  acreage  of  pasture  is  not  given  by  the  census,  but  from  other  data  it  is 
found  to  be  approximately  67,000. 

The  live-stock  interests,  including  those  of  the  dairy,  are  of  considerable 
importance,  as  is  shown  by  the  following  data,  also  taken  from  the  census  of  1920. 

Animals  and  animal  products                            Number  Value 

Horses 17,720  $1,743,381 

Mules 363  44,675 

Beef  eatUe 32,945  2,392,679 

Dairy  cattie 18,252  1,337,833 

Sheep 14,012  174,389 

Swine 71,177  1,828,779 

Chickens  and  other  poultry 302,353  326,038 

Eggs  and  chickens 670,115 

Dairy  products 949,757 

The  total  value  of  the  live  stock  and  their  products  is  nearly  eight  and  a  half 
million  dollars. 

Fruit  growing  is  not  very  important.  There  were  about  80,000  qiiarts  of 
small  fruits,  12,800  bushels  pt  apples,  pears,  and  cherries,  and  90,000  pounds 
of  grapes  produced  in  1920. 

Sbn.  FOBMATION 

The  most  important  period  in  the  geological  history  of  the  county  from  the 
standpoint  of  soil  formation  was  that  during  which  the  material  that  later 
formed  the  soils  was  being  deposited.  This  was  the  Glacial  period.  At  that 
time  snow  and  ice  accumulated  in  the  region  of  Labrador,  west  of  Hudson  Bay, 
and  in  the  Rocky  Mountains  to  such  an  amoipit  that  the  mass  pushed  outward 
from  these  centers,  especially  southward,  until  a  point  was  reached  where  the 
ice  melted  as  rapidly  as  it  advanced.  As  the  ice  advanced  in  these  movements  it 
buried  everything,  even  the  highest  mountains,  in  its  path.  It  would  then 
recede  slowly,  and  apparently  normal  conditions  would  be  restored  for  a  long 
period,  after  which  another  advance  would  occur.  At  least  six  of  these  great  ice 
movements  took  place,  each  of  which  covered  part  of  northern  United  States, 
altho  the  same  parts  were  not  covered  every  time. 

The  names  of  the  glaciers  that  have  had  some  part,  either  directly  or  in- 
directly, in  the  formation  of  the  soils  of  Illinois  are  as  follows:  (1)  the 
Nebraskan,  which  did  not  touch  Illinois;  (2)  the  Kansan,  which  covered  the 
western  parts  of  Hancock  and  Adams  counties;  (3)  the  lUinoisan,  which  cov- 
ered all  of  the  state  except  the  northwest  county  (Jo  Daviess),  the  southern  part 
of  Calhoun  county,  and  the  seven  southernmost  counties;  (4)  the  lowan,  which 
covered  a  part  of  northern  Illinois,  the  area  covered  being  difficult  to  determine 
because  of  the  effect  of  the  subsequent  glaciations;    (5)  the  early  Wisconsin, 
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which  covered  the  northeast  part  of  the  state  as  far  west  as  Peoria  and  as  far 
sonth  as  Shelbyville;  (6)  the  late  Wisconsin,  which  extended  to  the  west  line  of 
McHenry  county  and  south  to  the  town  of  Milford  in  Iroquois  county. 

In  advancing  from  the  distant  northern  centers  of  accumulation,  the  ice 
gathered  up  all  sorts  and  •sizes  of  material,  including  clay,  silt,  sand,  gravel, 
boulders,  and  even  large  masses  of  rock.  Some  of  these  materials  were  carried 
several  hundred  miles,  and  the  coarser  masses  rubbed  against  the  surface  rocks 
or  against  each  other  until  largely  ground  into  rock  powder,  which  now  con- 
stitutes much  of  the  soil.  When,  thru  the  melting  of  the  ice,  the  limit  of  advance 
was  reached,  the  material  carried  by  the  glacier  was  dropped,  accumulating  in  a 
broad,  undulating  ridge  or  moraine,  called  a  lateral  moraine  if  formed  at  the 
side  of  the  glacier,  and  a  terminal  moraine  if  formed  at  the  end.  If  the  ice 
melted  more  rapidly  than  the  glacier  advanced,  the  terminus  of  the  glacier  would 
recede,  and  the  material  would  be  deposited  somewhat  irregularly  over  the  land, 
back  of  the  moraines.  Such  a  formation  is  known  as  a  ground  moraine.  A 
glacier  often  would  advance  again,  but  not  so  far  as  before ;  or  it  would  remain 
stationary,  and  another  moraine  would  be  built  up.  These  moraines  or  ridges 
have  a  steep  outward  slope  and  a  very  gradual  inward  slope. 

A  pressure  of  forty  pounds  per  square  inch  is  exerted  by  a  mass  of  ice  one 
hundred  feet  thick,  and  these  ice  sheets  may  have  been  hundreds  or  even  thou- 
sands of  feet  in  thickness.  The  materials  carried  along  in  the  ice,  especially 
the  boulders  and  pebbles,  became  powerful  agents  for  grinding  and  wearing 
away  the  surface  over  which  the  ice  passed.  Preglacial  ridges  and  hills  were 
rubbed  down,  valleys  were  filled  with  the  debris,  and  the  surface  features  were 
changed  entirely.  The  mixture  of  materials  deposited  by  the  glacier  is  known 
as  boulder  clay,  till,  glacial  drift,  or  simply  drift. 

THE  GLACIATIONS  OF  DbKALB  COUNTY 

There  were  at  least  three  ice  advances  that  reached  DeKalb  county  and 
covered  it  wholly  or  in  part.  The  first  was  probably  the  Illinoisan  glacier,  which 
covered  the  entire  county.  This  glacier  melted  and  somewhat  normal  conditions 
were  restored,  as  is  indicated  by  the  thick  soil  formed  from  the  material  deposited 
by  it.    This  is  known  as  the  Sangamon  soil. 

The  drift  left  by  this  glacier  was  buried  by  another  ice  sheet,  the  lowan. 
Later  the  early  Wisconsin  glacier  covered  about  five-sixths  of  the  county.  In 
this  glaciation  two  morainal  ridges  were  left  which  cross  the  county  in  a  north- 
eastern and  southwestern  direction.  These  ridges  belong  to  the  general  Bloom- 
ington  morainic  system.  The  northern,  or  outer,  ridge  is  broken  thru  at  places 
by  branches  of  the  Kishwaukee  river  and  is  about  one  hundred  feet  higher  than 
the  general  level  of  the  district  to  the  west.  The  southern,  or  inner,  ridge  is 
narrower  and  not  so  high  as  the  outer  ridge.  The  average  depth  of  the  drift 
in  the  county  is  about  150  feet.  The  greatest  thickness  of  the  drift,  as  determined 
in  making  wells,  is  260  feet.  Many  large  granite  boulders  are  found  on  the 
moraines.    Some  of  these  are  as  much  as  eight  feet  in  diameter. 

The  glaciers  that  covered  DeKalb  county  left  a  deposit  called  tiU,  glacial 
drift,  or  boulder  day  (a  mixture  of  boulders,  gravel,  sand,  silt,  and  clay),  but 
this  deposit  does  not  form  the  soil  material  except  in  small  areas.    The  rock  flour 
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produced  by  the  grinding  action  of  the  glaciers  was  reworked  by  the  wind  and 
deposited  over  practically  all  of  the  county  to  a  depth  of  three  to  six  feet.  This 
loessial,  or  wind-blown,  material  has  been  transformed  into  soil  by  weathering 
and  by  the  accumulation  of  organic  matter,  and  now  covers  all  the  county  except 
those  places  where  it  has  been  removed  by  erosion.  •  There  is  little  doubt  bat 
that  this  wind-blown  material  was  fairly  imif ormly  deposited  over  the  exposed 
surface,  but  it  has  subsequently  been  removed  in  places  by  erosion,  so  that  the 
boulder  clay  is  exposed  on  some  of  the  more  rolling  areas.  The  deposit  is  thicker 
on  the  lowan  glaciation  than  on  the  early  Wisconsin,  partly  because  of  a  deeper 
original  deposit  (3  to  6  feet),  and  partly  because  there  has  not  been  so  much 
erosion  on  this  less  rolling  area. 

During  the  melting  of  the  glacier  the  streams  draining  this  area  were  fre- 
quently flooded,  and  the  water  carried  large  amounts  of  rather  coarse  material, 
such  as  gravel  and  sand.  This  was  deposited  in  the  valleys,  partly  filling  them. 
Later  the  streams  cut  down  thru  the  fill,  leaving  gravel  terraces.  This  gravel 
was  later  covered  with  the  fine  material  that  now  constitutes  the  soil.  In  the 
northeast  township  this  flood  water  spread  out  over  a  large  area,  with  the  result 
that  an  extensive  gravel  plain  was  formed  that  reaches  over  into  Kane  and 
McHenry  counties.  Subsequent  deposits  of  fine  material  on  the  surface  of  the 
gravel  have  aided  in  forming  an  excellent  soil. 

PHYSIOGRAPHY  AND  DRAINAGE 

The  county  varies  in  topography  from  fiat  to  slightly  rolling.  Even  along 
the  streams,  hills  do  not  exist  to  any  extent.  The  principal  variations  are  due 
to  irregular  deposition  of  glacial  material  The  moraines  are  characterized  by 
an  irregularly  rounded,  billowy  topography,  and  they  vary  in  width  from  three 
to  six  miles. 

The  southeast  part  of  the  county  has  a  gradual  slope  to  the  Fox  river,  thru 
which  this  part  is  drained  into  the  Illinois  river.  The  northern  two-thirds  of  the 
county  is  drained  thru  the  Eishwaukee  into  the  Bock  river.  Because  of  the  flat 
character  of  the  southeast  part  of  the  county,  much  tile  draining  has  been  done. 

The  altitudes  of  some  places  in  DeEalb  county  are  as  follows:  Carleton, 
887  feet  above  sea  level ;  Carleton  Park,  855 ;  Charter  Grove,  875 ;  Clair,  878 ; 
Cortland,  897 ;  DeKalb,  886 ;  Elva,  875 ;  Esmond,  828 ;  Pairdale,  787 ;  Pranks, 
698;  Genoa,  838;  Hinckley,  740;  Kingston,  795;  Kirkland,  775;  Lee,  939 
Malta,  915 ;  New  Lebanon,  848 ;  Rollo,  754 ;  Sandwich,  667 ;  Shabbona,  900 
Shabbona  Grove,  816;  Somonauk,  690;  Sycamore,  840;  Van  Buren,  740 
Waterman,  820. 

The  highest  altitude  in  the  county,  955  feet,  is  found  three  miles  north  of 
Lee.  Another  high  point  occurs  in  the  northwest  part  of  Township  39  North, 
Range  5  East,  which  is  about  940  feet. 

In  the  terrace  formation  along  the  stream  courses  the  soil  is  largely  under- 
lain by  coarse  material,  such  as  sand  and  gravel,  which  provides  favorable  con- 
ditions for  underdrainage. 
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SOIL  TYPES 

The  soils  of  DeKalb  county  are  divided  into  the  following  groups : 

(a)  Upland  Prairie  Soils,  including  the  upland  soils  that  have  not  been 
covered  with  forests  and  on  which  the  luxuriant  growth  of  prairie  grasses  has 
produced  relatively  large  amounts  of  organic  matter. 

(b)  Upland  Timber  SoUs,  including  nearly  all  the  upland  areas  that  are 
now,  or  were  formerly,  covered  with  forests. 

(c)  Terrace  Soils,  including  bench  lands,  or  second  bottom  lands,  formed 
by  deposits  from  overloaded  streams,  and  gravel  outwash  plains  formed  by  broad 
sheets  of  water  arising  from  the  melting  of  the  glaciers. 

(d)  Swamp  and  Bottom-Land  Soils,  including  the  overflow  lands  or  Aood 
plains  along  streams,  the  swamps,  and  the  poorly  drained  lowlands. 

Table  1  gives  a  list  of  the  types  of  soil  found  in  DeKalb  county  clasGofied 
according  to  the  groups  described  above.  It  also  shows  the  area  of  each  type  in 
square  miles  and  in  acres,  as  well  as  the  percentage  of  the  total  area.  For  ex- 
ample, it  may  be  noted  that  the  brown  silt  loam,  or  rolling  prairie  land,  occupies 
more  than  four-fifths  of  the  county.  The  accompanying  map  shows  the  location 
and  boundary  of  each  type  of  soil,  even  down  to  areas  of  a  few  acres. 

For  explanations  concerning  the  classification  of  soils  and  the  interpretation 
of  the  map  and  tables,  the  reader  is  referred  to  the  first  part  of  the  Appendix. 


Table  1. — Soil  Types  of  DeKalb  County,  Ilunois 


Soil 
type 
No. 


Name  of  type 


Percent 
of  total 


(a)    Upland  Prairie  Soils  (700,  900,  1100) 


-26 
-25 
-20 
-60 
-90 


Brown  silt  loam . . . 

Black  silt  loam 

Black  clay  loam. . . 
Brown  sandy  loam 
Gravelly  loam .... 


336,160 


81.68 

1.26 

.04 

.02 

.02 


83  02 


(b)    Upland  Timber  Soils  (700,  900,  1100) 

• 

-34 

Yellow-flTay  '^ilt  loam .' , 

41.46 
.43 
.10 

26,534 

275 

64 

6.55 

-35 

Yellow  silt  loam 

.07 

-64 

Yellow-gray  sandy  loam 

.01 

41.99 

26,873 

6.63 

(c)    Terrace  Soils  (1500) 

1527 

Brown  silt  loam  over  sravel 

15.37 

1.53 

4.98 

.14 

9,837 

979 

3,187 

90 

2.43 

1525 

Black  silt  loam , 

.24 

1536 

Yellow-gray  silt  loam  over  gravel 

.79 

1566 

Brown  sandy  loam  over  gravel 

.02 

22.02 

14,093 

3.48 

(d)     Swamp  and  Bottom-T^nd  Soils  (14( 

}0) 

1450 

Black  mixed  loam 

22.24 

2.02 

.04 

19.10 

14,233 

1,293 

26 

12,224 

3  51 

1401 

Deep  peat 

32 

1402 

Medium  peat  on  clav 

01 

1454 

Mixed  loam , 

3  02 

43.40 

27,776 

6  86 

(e)     Miscellaneous 

Cjfavel  pits .04 

26 

.01 

Total 

632.70 

404,928 

100.00 
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INVOICE  OF  PLANT  FOOD  IN  DE  KALB  COUNTY  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive tyi)es,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable;  but  for  general  purposes  the  average 
may  be  considered  sufficient  to  characterize  the  soil  type. 

The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood  that 
the  rate  of  liberation,  as  explained  in  the  Appendix  (page  26),  is  governed  by 
many  factors. 

For  convenience  in  making  practical  application  of  the  chemical  analyses 
the  results  have  been  translated  from  the  percentage  basis  and  are  presented 
here  in  terms  of  pounds  per  acre.  In  this,  the  assumption  is  made  that  for  ordi- 
nary types  a  stratum  of  dry  soil  6%  inches  thick  weighs  2,000,000  pounds.  It 
is  recognized  that  this  value  is  only  an  approximation,  but  it  is  believed  that  it 
will  suffice  for  the  purposes  intended.  It  is,  of  course,  a  simple  matter  to  con- 
vert these  figures  back  to  the  percentage  basis  in  case  one  desires  for  any  purpose 
to  consider  the  information  in  that  form. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (which  serves  as  a 
measure  of  the  organic  matter),  and  the  total  quantities  of  nitrogen,  phosphorus, 
sulfur,  potassium,  magnesium,  and  calcium  contained  in  2  million  pounds  of  the 
surface  soil  (the  plowed  soil  of  an  acre  about  6%  inches  deep)  of  each  type  in 
DeKalb  county. 

Because  of  the  extreme  variations  frequently  found  within  a  given  soil 
type  with  respect  to  the  presence  of  limestone  and  acidity,  no  attempt  is  made 
to  include  in  the  tabulated  results  figures  purporting  to  represent  the  average 
amounts  of  these  substances  present  in  the  respective  types.  Such  averages 
cannot  give  the  farmer  the  specific  information  he  needs  regarding  the  lime 
requirements  of  a  given  field.  Fortunately,  however,  very  simple  tests  which 
can  be  made  at  home  will  furnish  this  important  information,  and  these  tests  are 
described  on  pages  28  and  29  of  the  Appendix. 

The  variation  among  the  diflEerent  types  of  soil  of  DeKalb  county  with 
respect  to  the  content  of  important  plant-food  elements  is  very  marked.  For 
example,  the  deep  peat  contains,  in  the  plowed  soil  of  an  acre,  nearly  twenty- 
two  times  as  much  nitrogen  as  does  the  yellow-gray  sandy  loam.  Comparing 
the  deep  peat  with  the  most  common  type  in  the  county,  we  find  about  five 
times  as  much  nitrogen  in  it  as  in  the  brown  silt  loam,  while  on  the  other  hand 
the  brown  silt  loam  contains  more  than  thirteen  times  as  much  potassium  as  is 
found  in  the  deep  peat.  The  supply  of  phosphorus  in  the  surface  soil  varies 
from  760  pounds  per  acre  in  the  yellow-gray  sandy  loam  to  2,540  pounds  in  the 
black  silt  loam.  A  sulfur  content  of  240  pounds  per  acre  is  found  in  the  yellow- 
gray  sandy  loam,  while  in  the  deep  peat  there  are  7,110  pounds  of  this  element. 
The  magnesium  varies  in  the  different  types  from  2,560  to  39,780  pounds,  and 
the  calcium  content  ranges  from  4,080  to  83,210  pounds  per  acre. 
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Table  2. — Plant  Food  in  the  Soils  of  DbKalb  Coxtntt,  Illinois:    Surtacs  Soil 
Average  pounds  per  acre  in  2  million  pounds  of  surface  soil  (about  0-6^  inches) 


Soil 
type 
No. 


Soil  type 


Total 

organic 

carbon 


Total 

nitro- 

gen 


Total 

phoe- 

phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (700,  900,  1100) 


Brown  silt  loam 


Black  sUt  loam. 


Black  day  loam. . . 
Brown  sandy  loam . 

Gravelly  loam 


69  440 

5  940 

1  340 

990 

32  960 

8  140 

107  360 

10  580 

2  540 

1  700 

26  180 

11  960 

102  540 

9  500 

2  440 

1  400 

35  600 

15  200 

34  540 

3  000 

1  080 

660 

28  340 

4  780 

43  180 

4  260 

1  360 

980  25  660 

39  780 

11  460 


20  900 

22  100 

6840 


HTOO 


(b)    Upland  Timber  Soils  (700,  900,  1100) 


734 
934 

1134, 
7351 
935 

1135 
764, 
964/ 


Yellow-gray  silt  loam 


Yellow  silt  loam. 


Yellow-gray  sandy  loam, 


27  970 


26  800 


2  540 


2  540 


20  300   1  500 


1  070       580  33  380 


880 
760 


640 
240 


44  480 
23  180 


6  440 

6  720 
2  560 


7m 

7460 
4520 


(c)    Terrace  Soils  (1500) 


1527 
1525 
1536 
1566 


Brown  silt  loam  over  gravel 

Black  silt  loam 

Yellow-gray  silt  loam  over  gravel. 
Brown  sandy  loam  over  gravel . . . 


71  480 

122  700 

34  360 

25  460 


6  650 

11  680 

2  900 

2  140 


1  540 

2  420 
1  100 

960 


1  170 

2  160 
580 
540 


29  010 
28  600 
35  160 
24  680 


9  110 

10  220 

6  320 

3  240 


13  660 

22  620 

8300 

4060 


(d)    Swamp  and  Bottom-Land  Soib  (1400) 


1450 

Black  mixed  loam 

149  150 

380  320 

342  140 

55  380 

14  000 

32  810 

27  320 

4  460 

2  510 
1  900 
1  410 
1  660 

2  040 
7  110 

3  070 
900 

22  090 
2  380 
7  520 

30  200 

19  570 
5  520 
4  690 
6420 

83  210 

1401 

Dee0  peat* 

44  480 

1402 

Medium  peat  on  clay* 

24  750 

1454 

Mixed  loam 

10  420 

LIMESTONE  AND  SOIL  ACIDITY— In  connection  with  these  tabulated  data  it  should 
be  explained  that  the  figures  on  limestone  content  and  soil  acidity  are  omitted  not  because  of 
any  lack  of  importance  of  these  factors,  but  rather  because  of  the  peculiar  difficulty  of  present- 
ing in  general  averages  adequate  information  concerning  the  limestone  requirement.  The 
limestone  requirement  for  soils  is  extremely  variable.  It  may  vary  from  farm  to  farm,  and 
even  from  field  to  field.  Therefore  no  attempt  is  made  to  include  m  these  tables  figures  pin> 
porting  to  represent  for  the  various  types  the  limestone  content  or  the  soil  acidity  present 
The  need  for  limestone  should  be  determined  on  every  farm  and  for  each  field  individually. 
Fortunately  this  can  be  easily  done  ^byjthe  simple  tests  described  in  the  Appendix  to  this  re- 
port,  pages  28  and  29. ^ 

^Amounts  reported  are  for  1  million  pounds  of  deep  peat  and  medium  peat. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple  com- 
putations are  of  interest  in  this  connection.  Assume,  for  example,  that  a  four- 
field  crop  rotation  of  wheat,  corn,  oats,  and  clover  yields  50  bushels  of  wheat 
per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover  hay.  These 
are  high  yields,  but  not  impossible  for  they  are  sometimes  obtained.  It  will  be 
found  that  the  most  prevalent  upland  soil  of  DeKalb  county,  the  brown  silt 
loam,  contains  only  enough  total  nitrogen  in  the  plowed  soil  for  the  production 
of  such  yields  to  supply  about  twelve  rotations. 
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Tabi«b  3.  —  Plant  Food  in  thb  Soils  of  DeKalb  Cottntt,  Illinois:    Subsurfagb  Soil 
Average  pounds  per  acre  in  4  million  pounds  of  subsurface  soil  (about  6^20  inches) 


SoU 
No. 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 

phos- 

phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 

magne- 

simn 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (700,  900, 1100) 


Brown  sUt  loam , 


Black  silt  loam. 


Black  clay  loam. . . 
Brown  sandy  loam. 


65  360 


83  200 
65  360 
29  760 


6  000 


8  240 
6  360 


1  900 


3  080 
3  200 


2  960   1  640 


1  140 


1  720 

1  240 

680 


68  100 


59  960 
78  440 
59  720 


21  510 


25  080 


14  640 


21  800 


32  960 


28  920  34  080 


11  160 


(b)    Upland  Timber  Soils  (700,  900,  1100) 


Yellow-gray  silt  loam 


Yellow  silt  loam. 


Yellow-gray  sandy  loam. 


18  640 


20  040 


17  680 


2  120 


2  400 


1  320 


1  950 


1  720 


1  400 


630 


720 


400 


71  990 

108  800 
49  160 


21  690 

25  320 
5  840 


15  590 

14  640 
10  320 


(c)    Terrace  Soils  (1500) 


1527 
1525 
1536 
1566 


Brown  silt  loam  over  gravel 

Black  silt  loam 

Yellow-gray  silt  loam  over  gravel. 
BrowiL  sandy  loam  over  gravel . . . 


58  060 

5  500 

2  140 

1  240 

66  940 

21  300 

70  600 

6  920 

3  080 

1  800 

65  040 

21  040 

28  400 

2  920 

2  120 

760 

71  800 

19  520 

16  480 

1  480 

1  360 

600 

53  040 

9  680 

25  000 

27  680 

17  880 

9  520 


(d)    Swamp  and  Bottom-Land  Soils  (1400) 


1450 
1401 
1402 
1454 


Black  mixed  loam .... 

Deep  peat' 

Medium  peat  on  clay' 
Mixed  loam 


113  840 

10  580 

3  580 

1  860 

53  2201 

51  220 

825  040 

65  320 

3  880 

19  880 

8  360 

12  300 

372  720 

32  060 

1  940 

4  240 

24  340 

12  160 

70  280 

5  680 

2  920 

1  360| 

60  040 

13  060 

106  660 
72  980 
38  560 
16  480 


LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


'Amounts  reported  are  for  2  million  pounds  of  deep  peat  and  medium  peat. 

With  respect  to  phosphorus,  the  condition  differs  only  ill  degree,  this  soil 
containing  no  more  of  that  essential  element  than  would  be  required  for  about 
eighteen  crop  rotations  yielding  at  the  rates  suggested  above.  On  the  other 
hand  the  amount  of  potassium  in  the  surface  layer  of  this  common  soil  type  is 
su£Scient  for  more  than  25  centuries  if  only  the  grain  is  sold,  or  for  nearly  400 
years  if  the  total  crops  should  be  removed  from  the  land  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant-food 
materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly 
emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements  of 
fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop  yields 
for  even  one  or  two  generations  of  people. 


THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types.  It  should  be  remembered,  however,  that 
these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.    These  tables 


10 


Soil  Bkpobt  No.  28 


W^ 


also  show  great  stores  of  potassium  in  the  prevailing  types  of  soil  but  only 
limited  amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the 
corresponding  surface  samples. 

Table  4. — ^Plant  Food  in  the  Soils  of  DbKalb  Countt,  Illinois:    Subsoil 
Average  pounds  per  acre  in  6  million  pounds  of  subsoil  (about  20-40  inches) 


SoU 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (700,  900,  1100) 


726^ 
926 

1126 
7261 
925 

1125 

1120 
760 
960 

1160 


Brown  silt  loam 


Black  silt  loam. 


Black  clay  loam. . . 
Brown  sandy  loam, 


26  070 

2  930 

2  700 

780 

105  060 

58  990 

32  460 

3  360 

3  360 

960 

99  660 

42  180 

23  940 

2  940 

4  320 

1  320 

141  780 

51  600 

19  380 

2  100 

2  100 

900 

94  860 

26  700 

75  210 


43  440 
43  620 
21  000 


(b)    Upland  Timber  Soils  (700,  900,  1100) 


734 
934 

1134 
735 
935 

1135, 
764\ 
964/ 


Yellow-gray  silt  loam 


Yellow  silt  loam 


Yellow-gray  sandy  loam 


20  120 


15  300 


11  160 


2  400 


2  220 


720 


3  380 


2  460 


1  980 


480 


1  020 


420 


107  780 


151 
70 


860 


500 


47  140 


156  960222  480 


11  580 


40  060 


14  820 


(c) 

Terrace  Soils  (1500) 

1527 
1525 

Brown  silt  loam  over  gravel 

Black  silt  loam 

31  350 
24  000 
21  660 
16  020 

3  480 
2  700 
2  520 
1  380 

3  150 

4  080 
3  900 
1  680 

1  17(> 

1  380 

720 

660 

99  420 

106  140 

96  000 

81  480 

38  580 
37  020 

39  900 
13  560 

37  710 
56  640 

1536 
1566 

Yellowrgray  silt  loam  over  gravel 
Brown  sandy  loam  over  gravel . . . 

33  600 
17  100 

(d)    Swamp  and  Bottom-Land  Soils  (1400) 


1450 
1401 
1402 
1454 


Black  mixed  loam .  . . . . 

Deep  peat' 

Medium  peat  op  clay. 
Mixed  loam 


88  980 
801  900 
285  060 

41  400 


7  620 
57  420 
20  520 

3  660 


5  700 
5  220 
3  120 
3  900 


1  890 

24  690 

6  660 

1  320 


84 

27 

112 

96 


360 
600 
200 
780 


102  810 
22  620 
49  500 
26  160 


187  710 
83  610 
64  440 
28  20O 


LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


^Amounts  reported  are  for  3  million  pounds  of  deep  peat. 
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DESCRIPTION  OF  INDIVmUAL  SOIL  TYPES 

(a)     UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  DeKalb  county  cover  525.25  square  miles,  or 
more  than  four-fifths  of  the  area  of  the  county.  They  usually  occupy  the  less 
rolling  and  comparatively  level  land,  altho  some  exceptions  to  this  are  to  be 
found.  These  prairie  soils  are  dark  in  color  owing  to  their  relatively  high 
organic-matter  content.  This  land  was  originally  covered  with  prairie  grasses, 
the  partially  decayed  roots  of  which  have  been  the  principal  source  of  the 
organic  matter.  The  flat,  poorly  drained  areas  contain  the  greatest  amounts  of 
organic  matter,  owing  to  the  more  luxuriant  growth  of  grasses  in  such  situations 
and  to  the  excessive  soil  moisture  which  has  provided  conditions  more  favorable 
for  their  preservation. 

.  Brown  Silt  Loam  (726,  926,  1126) 

Brown  silt  loam  is  the  most  extensive  type  in  DeKalb  county,  covering 
516.82  square  miles,  or  more  than  80  percent  of  the  area  of  the  county.  It  is 
found  on  the  more  level  land,  a  considerable  portion  of  which  needs  artificial 
drainage.  While  the  type  is  primarily  prairie,  yet  in  some  sections  timber  has 
extended  over  it  to  a  slight  extent.  The  trees  found  on  the  timbered  areas  are 
usually  bur  oak,  wild  cherry,  and  elm,  but  their  occupation  of  the  soil  has  not 
been  sufficiently  long  to  change  its  character  to  any  great  extent.  The  type, 
however,  may  include  some  small  areas  of  yellow-gray  silt  loam  ( — 34)  too  small 
to  be  shown  on  the  map. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  varying  from  a  yellowish 
brown  on  the  more  rolling  areas  to  a  dark  brown  or  black  on  the  more  nearly 
level  and  poorly  drained  tracts.  In  physical  composition  it  varies  to  some  extent, 
but  it  normally  contains  from  50  to  75  percent  of  the  different  grades  of  silt. 
In  the  low  areas  the  proportion  of  day  is  usually  higher  than  on  the  more 
rolling  parts,  where  a  perceptible  amount  of  sand  may  occur.  On  account  of 
of  the  varied  topography  of  the  type,  the  organic-matter  content  in  the  surface 
soil  is  rather  variable,  but  it  averages  about  6  percent,  or  60  tons  per  acre.  In 
the  more  rolling  phase,  small  patches  are  found  which  have  been  eroded  to 
such  an  extent  that  the  yellow  subsoil  appears.  These  areas  are  usually  not 
large  enough  to  be  shown  on  the  map  as  a  separate  type. 

The  natural  subsurface  is  represented  by  a  stratum  varying  from  5  to  16 
inches  in  thickness.  This  variation  is  due  to  erosion,  the  stratum  being  thinner 
on  the  more  rolling  areas.  In  physical  composition  the  subsurface  varies  about 
the  same  as  the  surface  soil,  but  on  the  less  rolling  areas  it  normally  contains 
a  larger  percentage  of  clay,  while  on  the  more  rolling  areas  the  sand  content 
becomes  greater.  The  organic-matter  content  varies  with  topography  in  the 
same  manner  as  the  surface,  being  greater  on  the  more  level  land.  It  averages 
about  2.7  percent,  or  54  tons  per  acre  in  a  stratum  IS^^  inches  thick.  In  color 
the  subsurface  varies  from  a  dark  brown  or  almost  black  to  a  light  yellowish 
brown,  which  becomes  lighter  with  increasing  depth. 

Hie  natural  subsoil  begins  11  to  22  inches  beneath  the  surface  and  extends 
to  an  indefinite  depth.    It  varies  from  a  yellow  to  a  drabbish  yellow,  clayey 
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material,  sometimes  composed  wholly  or  in  part  of  boulder  day  or  drift  The 
stratum  sampled  (20  to  40  inches)  contains  about  .7  percent  of  organic  matter. 
In  some  of  the  flat  areas  that  are  not  subject  to  erosion,  but  where  material  has 
washed  in  from  the  higher  surroundiug  land,  the  subsoil  to  a  depth  of  40  inches 
does  not  reach  the  boulder  day. 

Each  of  the  three  strata  is  pervious  to  water,  so  that  drainage  takes  place 
,  with  little  difficulty. 

Management. — ^When  the  virgin  brown  silt  loam  was  first  cropped,  the  soil 
was  in  fine  tilth,  worked  easily,  and  much  less  effort  was  required  to  produce  a 
good  seed  bed  than  is  now  the  case  where  the  soil  has  been  heavily  cropped  for 
many  years  and  where  the  organic  matter  has  not  been  maintained.  Unless  the 
moisture  content  is  very  favorable,  the  soil  under  this  latter  condition  plows  up 
cloddy,  and  the  clods  may  remain  all  season.  Much  plant  food  will  be  locked 
up  in  them,  and  the  best  results  cannot  be  obtained.  The  remedy  for  poor  tiltfi 
is  to  increase  the  amount  of  organic  matter  by  turning  under  every  available 
form  of  vegetable  matter,  such  as  farm  manure,  com  stalks,  straw,  clover,  stubble, 
and  even  weeds.  The  addition  of  fresh  organic  matter  is  not  only  of  great  value 
in  improving  the  physical  condition  of  this  type  of  soil,  but  it  is  equally  im- 
portant because  of  its  nitrogen  content,  and  also  because  of  its  power,  as  it 
decays,  to  liberate  potassium  from  the  inexhaustible  supply  in  the  minerals  of 
the  soil  and  phosphorus  from  the  phosphate  contained  in  or  applied  to  the  soil. 
The  deficiency  of  organic  matter  in  the  soil  is  shown  by  the  way  fall-plowed 
land  runs  together  during  the  winter.  In  the  spring,  fall-plowed  land  should 
be  disked  early  and  deep  for  the  purpose  of  conserving  moisture,  raising  the 
temperature,  and  making  plant  food  available. 

For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  usually  be  applied  liberally,  and  sufficient  organic  matter  should  be 
provided  to  furnish  the  necessary  amount  of  nitrogen.  While  the  subsoil  usually 
contains  an  abundance  of  carbonates,  on  the  prevailing  phase  of  the  type  lime- 
stone is  becoming  deficient  in  the  upper  strata  so  that  an  application  of  1  to  2 
tons  of  limestone  per  acre  is  advisable,  and  in  the  preparation  of  the  land  for 
alfalfa  heavier  applications  are  justifiable.  To  enrich  the  soil  in  phosphorus, 
^  to  1  ton  of  finely  ground  rock  phosphate  per  acre  should  be  applied  about 
every  four  years.  This  treatment,  along  with  the  judicious  return  to  the  land 
of  organic  manures  made  from  a  good  rotation,  will  not  only  maintain  but  will 
increase  the  fertility  of  this  soil. 

If  grain  farming  is  practiced,  a  good  rotation  to  be  suggested  might  be 
wheat,  com,  oats,  and  clover,  with  an  extra  seeding  of  clover  (preferably  sweet 
clover)  as  a  cover  crop  in  the  wheat,  to  be  plowed  under  late  in  the  fall  or  in  the 
following  spring  for  com.  Most  of  the  crop  residues,  including  the  dover  chaff 
from  the  seed  crops,  should  also  be  plowed  under.  In  live-stock  farming,  this 
rotation  may  be  extended  to  five  or  six  years  by  seeding  both  timothy  and  clover 
with  the  oats,  and  pasturing  one  or  two  years.  In  either  the  grain  or  the  live- 
stock system,  alfalfa  may  be  grown  on  a  fifth  field  and  moved  every  rotation,  the 
hay  being  fed  or  sold.  Other  suggestions  for  various  crop  rotation  programs 
will  be  found  in  the  Appendix  (page  34). 

For  an  account  of  field  experiments  on  this  type  of  soil  the  reader  is  referred 
to  page  37  of  the  Supplement. 
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Black  SUt  Loam  (725,  925,  1125} 

Black  silt  loam  is  confined  to  small  areas  in  depressions  and  along  streams* 
It  is  generally  scattered  over  the  county  and  occurs  in  areas  similar  in  location 
to  those  occupied  by  black  clay  loam  in  central  Illinois.  The  type  covers  5,094 
acres,  or  1.26  percent  of  the  area  of  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  black,  granular,  silt  to  clayey  silt 
loam.  It  contains  normally  about  9.2  percent  of  organic  matter,  or  92  tons  per 
acre,  altho  in  certain  small  areas  the  organic-matter  content  may  vary  from  that 
of  brown  silt  loam  to  that  of  muck. 

The  natural  subsurface  is  represented  by  a  stratum  about  12  inches  thick, 
and  is  a  black  silt  loam  passing  into  a  drab  clayey  silt  at  18  to  20  inches  in  depth. 
Th^  organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches)  is  about 
3.6  percent,  or  72  tons  per  acre. 

The  subsoil  is  a  drab  or  yellowish  drab  clayey  silt  or  silty  clay,  sometimes 
containing  pebbles.    All  strata  are  readily  pervious  to  water. 

Management. — The  first  consideration  in  the  management  of  this  type  is 
drainage.  The  content  of  nitrogen  and  phosphorus  is  high,  and  no  attention 
need  be  given  these  elements  for  some  time  if  a  good  rotation  is  practiced.  The 
limestone  is  often  low,  and  applications  may  soon  be  necessary  to  produce  the 
best  results  with  legumes. 

Alkali  spots  are  common  in  this  type.  Applications  of  150  to  200  pounds  of 
potash  salts  per  acre,  or  of  several  tons  of  coarse  stable  manure,  or  sweet  clover 
turned  under,  will  usually  be  effective  in  counteracting  the  effect  of  the  alkali. 
These  spots  should  be  thoroughly  tiled,  as  the  leaching  out  of  the  alkali  is  about 
the  only  permanent  remedy  for  removing  it. 

Black  Clay  Loam  (1120) 

The  areas  of  black  clay  loam  are  about  twelve  in  number  and  the  largest 
does  not  cover  more  than  40  acres.  The  total  area  covered  by  this  type  is  about 
147  acres.  A  small  area  occurring  on  the  terrace  is  included  with  this  upland 
type. 

The  surface  soU,  0  to  6%  inches,  is  a  black,  plastic,  granular  clay  loam  con- 
taining about  8.8  percent  of  organic  matter,  or  88  tons  per  acre. 

The  subsurface  is  a  black  clay  loam  with  about  2.8  percent  of  organic  mat- 
ter, or  56  tons  per  acre. 

The  subsoil  is  a  drab  to  yellowish  drab  silty  clay  or  clayey  silt. 

Management. — Drainage  is  the  first  requirement  of  this  type.  It  is  abund- 
antly supplied  with  plant  food,  but  is  somewhat  acid  and  may  need  limestone 
for  legumes,  altho  there  are  areas  where  alkali  is  so  abundant  as  to  be  injurious. 
The  treatment  for  alkali  is  the  same  as  that  described  for  the  alkali  spots  in  the 
preceding  type. 

Brown  Sandy  Loam  (760,  960,  1160) 

Brown  sandy  loam  occurs  in  a  few  small  isolated  areas  covering  in  total 
about  77  acres.  It  has  been  formed  by  sand  blown  from  the  bottom  land  onto  the 
adjoining  upland* 
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The  surface  soU,  0  to  6%  inches,  is  a  brown  sandy  loam  containing  about  3 
percent  of  organic  matter,  or  30  tons  per  acre. 

The  naturiU  subsurface,  consisting  of  a  stratum  about  9  inches  thick,  is  a 
brown  sandy  loam.  The  stratum  as  sampled  (6%  to  20  inches),  contains  about 
1.3  percent  of  organic  matter. 

The  subsoU  is  a  sandy  silt  or  a  silty  sand  of  a  yellow  color. 

Management. — The  type  is  fairly  well  supplied  with  phosphorus  and  at 
present  the  most  important  consideration  is  the  maintenance  of  the  organic- 
matter  and  nitrogen  contents.  The  recommendation,  therefore,  is  the  same  as 
that  suggested  for  brown  silt  loam. 

GraveUy  Loam  (790,  990,  1190) 

Gravelly  loam  occurs  in  several  small  spots  in  various  parts  of  the  comity 
and  covers  as  a  total  about  77  acres.  An  eskerlike  gravel  ridge  about  one  mile 
in  length,  in  Sections  5  and  6,  Township  38  North,  Range  5  East,  is  the  largest 
area.    The  type  is  variable  and  of  little  agricultural  value. 

(b)     UPLAND  TIMBER  SOILS 

The  upland  timber  soils  usually  occur  along  streams,  altho  two  exceptions 
are  found  in  DeKalb  county  where  forests  exist  remote  from  streams.  Timber 
soils  are  characterized  by  a  yellow,  yellowish  gray,  or  gray  color,  due  to  their 
low  organic-matter  content  resulting  from  the  long-continued  growth  of  forest 
trees.  As  the  forests  invaded  the  prairies,  two  effects  were  produced:  (1)  the 
shade  from  the  trees  prevented  the  growth  of  prairie  grasses,  the  roots  of  which 
are  mainly  responsible  for  the  large  amount  of  organic  matter  in  prairie  soils; 
(2)  the  trees  themselves  added  very  little  organic  matter  to  the  soil,  for  the 
leaves  and  fallen  branches  either  decayed  completely  or  were  burned  by  forest 
fires.  As  a  result  the  timber  soils  contain  a  relatively  low  percentage  of  organic 
matter. 

The  total  area  of  upland  timber  soils  in  DeKalb  county  is  41.99  square  miles. 

Ycllow^Gray  Silt  Loam  (734,  934,  1134) 

Yellow-gray  silt  loam  occurs  in  the  outer  timber  belts  along  streams,  and 
in  the  less  rolling  of  the  timbered  morainal  areas.  The  type  covers  41.46  square 
miles,  or  6.55  percent  of  the  entire  area  of  DeKalb  county.  In  topography, 
it  is  sufficiently  rolling  for  good  surface  drainage,  without  much  tendency  to  wash 
if  proper  care  is  taken.  The  effect  of  the  prevailing  southwesterly  winds  may 
be  seen  in  the  distribution  of  the  type.  It  is  nearly  all  on  the  north  and  east 
side  of  the  Kishwaukee  river.  The  wind,  as  well  as  prairie  fires,  controlled  such 
distribution. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow,  yellowish  gray,  gray,  or  brownish 
gray  silt  loam,  having  a  floury  feel.  The  more  nearly  level  areas  incline  toward 
a  grayish  color,  while  the  more  rolling  phase  of  the  type  has  a  yellow  or  brownish 
yellow  color.  As  the  type  approaches  the  brown  silt  loam  ( — ^26),  the  organic 
matter  increases  until  it  grades  into  that  type.  The  organic-matter  content 
averages  2.4  percent,  or  24  tons  per  acre,  and  is  somewhat  lower  in  the  lowan 
glaciation  than  in  the  early  Wisconsin. 
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The  natural  subsurface  soU  is  represented  by  a  stratum  from  3  to  10  inches 
thick.  It  is  usually  a  gray,  grayish  yellow,  or  yellow  silt  loam,  somewhat 
pulverulent,  but  becoming  more  coherent  and  plastic  with  increasing  depth. 
The  subsurface  as  sampled  (6%  to  20  inches)  contains  about  .8  percent  of 
organic  matter,  or  16  tons  per  acre  in  four  million  pounds  of  soil. 

The  subsoil  is  a  yellow  or  mottled  grayish  yellow,  clayey  silt  or  silty  clay, 
somewhat  plastic  when  wet,  but  friable  when  only  moist,  and  pervious  to  water. 

Owing  to  the  removal  by  erosion  of  part  of  the  loessial  material,  glacial 
drift  is  sometimes  encountered  at  a  depth  of  less  than  40  inches.  The  glacial 
drift  may  be  locally  a  very  gravelly  deposit,  but  usually  it  is  a  slightly  gravelly 
clay. 

Management. — ^In  the  management  of  this  yellow-gray  silt  loam,  one  of  the 
most  essential  points  is  the  maintaining  or  the  increasing  of  organic  matter. 
This  is  necessary  in  order  to  supply  nitrogen,  to  liberate  mineral  plant  food, 
to  give  better  tilth,  to  prevent  ''running  together,"  and,  on  some  of  the  more 
rolling  phases,  to  prevent  washing. 

Another  essential  is  that  the  acidity  of  the  soil  be  neutralized  by  the  applica- 
tion of  ground  limestone,  so  that  clover,  alfalfa,  and  other  legumes  may  be  grown 
more  successfully.  The  initial  application  may  well  be  2  to  4  tons  per  acre, 
after  which  a  sufficiemt  amount  may  be  applied  to  keep  the  soil  in  good  condition 
for  growing  legumes.  Since  the  soil  is  poor  in  phosphorus,  this  element  should 
be  supplied,  ♦preferably  in  connection  with  farm  manure  or  clover  plowed  under. 
In  permanent  systems  of  farming,  finely  ground  natural  rock  phosphate  will 
be  found  the  most  economical  form  in  which  to  supply  the  phosphorus. 

Among  the  crops  deserving  of  special  consideration  for  this  type  of  soil  are 
sweet  clover  and  alfalfa.  On  soil  deficient  in  organic  matter  sweet  clover  grows 
better  than  almost  any  other  legume,  and  the  fact  that  it  is  a  very  deep-rooting 
plant  makes  it  of  value  for  opening  up  the  subsoil,  increasing  the  organic  matter, 
and  preventing  washing.  Slopes  that  have  been  made  worthless  by  washing  may 
be  made  profitable  as  pasture  by  growing  sweet  clover.  The  blue  grass  of  pas- 
tures may  well  be  supplemented  by  sweet  clover  and  alfalfa,  and  a  larger  growth 
obtained,  because  the  legumes  provide  the  necessary  nitrogen  for  the  blue  grass. 

To  get  alfalfa  well  started  requires  the  liberal  use  of  limestone,  thoro  inocu- 
lation with  nitrogen-fixing  bacteria,  and  a  moderate  application  of  farm  manure. 
If  manure  is  not  available,  it  is  well  to  apply  about  500  pounds  per  acre  of  acid 
phosphate  or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if  possible,  and 
then  plow  it  under.  The  limestone  (about  4  or  5  tons  per  acre)  should  be  applied 
after  plowing  and  should  be  mixed  with  the  surface  soil  in  the  preparation  of 
the  seed  bed.  The  special  purpose  of  this  treatment  is  to  insure  for  the  alfalfa 
a  vigorous  early  growth. 

See  page  50  of  the  Supplement  for  an  account  of  field  experiments  on  this 
type  of  sofl. 

Yellow  Silt  Loam  (735,  935,  1135) 

Yellow  silt  loam  covers  only  275  acres  in  DeKalb  county.  It  occurs  as 
hilly  and  badly  eroded  land  on  the  inner  timber  belts  adjacent  to  the  stream 
valleys,  usually  only  in  narrow,  irregular  strips.    In  topography  it  is  very 
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rolling,  and  in  most  places  so  badly  broken  that  it  should  not  be  cultivated 
because  of  the  danger  of  injury  from  washing. 

The  surface  sail,  0  to  6%  inches,  is  a  yellow  or  grayish  yellow,  pulverulent 
silt  loam.  It  varies  greatly  in  color  and  texture,  owing  to  recent  washing.  In 
places  the  natural  subsoil  may  be  exposed.  This  exposure  gives  the  surface  a 
decidedly  yellow  color.  When  freshly  plowed  the  soil  appears  yellow  or  brownish 
yellow,  but  when  it  becomes  dry  after  a  rain,  it  is  of  a  grayish  color.  In  some 
places  the  surface  soil  is  formed  from  glacial  drift,  but  this  is  only  on  very 
limited  areas  and  on  the  steepest  slopes.  The  organic-matter  content  averages 
2.3  percent,  or  23  tons  per  acre. 

T7u  natural  subsurface  varies  from  a  yellow  silt  loam  to  a  yellow  clayey 
silt  loam,  and  on  the  slopes  that  have  been  subjected  to  recent  erosion,  may 
consist  of  glacial  drift.  The  stratiun  as  sampled  (6%  to  20  inches)  contains 
about  .8  percent  of  organic  matter,  or  16  tons  per  acre. 

The  natural  svi)soil  is  composed  almost  entirely  of  yellow  boulder  day. 
Where  recent  erosion  has  taken  place,  all  strata  may  be  boulder  day. 

Management. — One  of  the  best  uses  to-  which  this  type  can  be  put  is  perma- 
nent pasture.  As  a  rule  it  cannot  be  satisfactorily  cropped  in  ordinary  rota^ 
tions  because  it  is  so  hilly,  but  it  may  be  used  very  successfully  for  long  rotations 
with  pasture  or  meadow  much  of  the  time.  Where  both  the  surface  and  sub- 
surface are  acid,  ground  limestone  may  well  be  used  for  legumes  in  the  rotation  or 
even  as  a  top  dressing  to  encourage  their  growth  in  pastures.  Where  this  type 
has  been  long  cultivated  and  thus  exposed  to  surface  washing,  it  is  particularly 
deficient  in  nitrogen.  Among  the  crops  that  are  perhaps  best  adapted  to  this 
type  sweet  clover  and  alfalfa  should  be  mentioned.  Suggestions  concerning  their 
culture  have  already  been  given  in  connection  with  the  discussion  of  yellow-gray 
silt  loam  (page  15). 

Yellow-Gray  Sandy  Loam  (764,  964,  1164) 

YeHow-gray  sandy  loam  occurs  principally  in  the  northern  part  of  the 
county  as  a  few  small  areas,  which  make  a  total  of  64  acres. 

Tlie  surface  soU,  0  to  6%  inches,  is  a  yellow  or  grayish  yellow  sandy  loam 
usually  containing  some  gravel;  in  a  few  instances  small  patches  of  gravelly 
loam  occur.  The  soil  is  .made  largely  from  sandy  till.  The  organic-matter 
content  is  about  1.8  percent,  or  18  tons  per  acre. 

The  natural  subsurface  stratum  varies  from  3  to  10  inches  in  thickness. 
It  is  of  a  lighter  color  than  the  surface  soil  owing  to  the  smaller  amount  of 
organic  matter  present.  This  stratum  is  usually  formed  from  gravelly,  sandy 
till,  but  it  often  contains  a  considerable  proportion  of  clay. 

The  svbsoU  varies  from  gravelly  till  to  sand. 

Management. — ^Por  the  improvement  of  this  type,  the  addition  of  organic 
matter  and  nitrogen  is  essential.  Limestone  should  also  be  applied  liberally  for 
the  best  results  with  legumes.  Where  the  subsurface  and  subsoil  are  very  com- 
pact, owing  to  the  presence  of  silt  and  clay,  sweet  clover  should  be  grown  to 
loosen  the  subsoil. 
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(c)     TBRRACB  SOILS 

The  terrace  soils  in  DeKalb  county  usually  occur  along  streams.  They  were 
formed  at  a  time  when  the  streams,  owing  to  melting  glacier  ice,  were  much 
larger  than  they  are  at  present,  and  carried  large  amounts  of  coarse  material 
such  as  sand  and  gravel.  Upon  any  decrease  in  their  velocity,  these  overloaded 
streams  would  deposit  debris  along  their  courses;  and  this  resulted  in  the 
partial  filling  of  the  valley  and  the  forming  of  what  are  now  the  terraces,  bench 
lands,  or  second  bottom  lands.  Finer  material  later  deposited  over  this  sand  and 
gravel  forms  the  present  soil. 

When  the  streams  again  reached  their  normal  size  after  the  glacier  had 
melted,  they  began  cutting  down  thru  the  deposit,  and  they  are  now  so  low 
that  the  terraces,  or  benches,  do  not  overflow.  A  gravel  outwash  plain  occurs 
in  the  northeastern  part  of  Township  42  North,  Range  5  East,  that  was  formed 
when  the  shallow  water  of  the  melting  ice  spread  over  a  large  level  area  and 
deposited  sand  and  gravel  which  was  later  covered  with  a  fine  material  well 
adapted  to  forming  a  good  soil. 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  is  found  principally  in  the  northern  half  of  the 
county  along  the  South  Branch  of  the  Bashwaukee  river,  occurring  almost 
entirely  on  the  south  and  west  sides  of  this  stream.  Another  area  is  found  in 
the  northeast  part  of  the  county  along  the  county  line.  This  is  a  gravel  outwash 
plain.  Doubtless  at  one  time  some  of  the  water  of  Coon  creek  valley  flowed 
west  across  Sections  15  and  22,  Township  42  North,  Range  5  East,  into  the 
South  Branch  of  the  Kishwaukee.  The  type  covers  an  area  of  9,837  acres,  or 
nearly  2.5  percent  of  the  county.  The  depth  to  gravel  varies  from  30  to  more 
than  50  inches,  the  average  being  a  little  more  than  40  inches. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  varying  to  black.  In 
ph3rsical  composition  it  varies  from  a  clayey  silt  loam  to  a  loam  or  even  to  a 
sandy  loam  in  areas  too  small  to  be  shown  on  the  map.  It  usually  contains  a 
perceptible  amount  of  sand.  The  topography  is  generally  flat,  but  slight  undula- 
lations  may  occur  that  were  probably  produced  by  the  channels  of  the  flooded 
streams.  The  surface  stratum  contains  approximately  6.2  percent  of  organic 
matter,  or  62  tons  per  acre,  the  amount  varying  from  47  to  77  tons  per  acre. 

The  ncftural  subsurface  varies  from  7  to  16  inches  in  thickness.  The  stratum 
sampled  (6%  to  20  inches)  contains  about  2.5  percent  of  organic  matter,  or  50 
tons  per  acre.    In  physical  composition  it  is  about  the  same  as  the  surface  soil. 

The  subsoil  is  a  yellow  to  drabbish  mottled  yellow  silt  loam,  with  some 
gravel  appearing  in  the  deeper  subsoil. 

All  strata  are  pervious  to  water,  so  that  drainage  is  practically  perfect  where 
the  water  table  is  sufficiently  low.  The  gravel  is  so  far  from  the  surface  that 
crops  do  well  even  in  years  of  some  drouth.  This  is  one  of  the  best  of  the  terrace 
types. 

Management, — In  the  improvement  of  this  type  limestone,  phosphorus,  and 
organic  matter  should  be  provided  in  about  the  same  amounts  as  those  recom- 
mended for  the  brown  silt  loam  of  the  prairie  ( — 26).    However,  because  of  the 
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greater  porosity  of  this  type,  applications  of  phosphorus  are  likely  to  occupy 
third  place  in  immediate  effect. 

Black  SUt  Loam  (1525) 

Black  silt  loam  occurs  only  in  the  northern  part  of  the  county  in  Township 
42  North  along  the  Kishwaukee,  and  covers  979  acres.    The  topography  is  flat 

The  surface  soU,  0  to  6%  inches,  is  a  black  granular  silt  loam,  locally  k- 
coming  a  clayey  silt  loam.  This  stratum  contains  about  10.6  percent  of  organic 
matter,  or  106  tons  per  acre. 

The  natural  subsurface  soil  is  from  10  to  14  inches  in  thickness.  The 
organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches)  is  about 
3  percent. 

The  subsoil  is  a  pale  yellow  to  a  drabbish  yellow  silt  or  clayey  silt.  It  con- 
tains about  .7  percent  of  organic  matter. 

Management. — The  strata  are  pervious  to  water  and  drainage  takes  place 
readily  by  means  of  tile.  Aside  from  drainage,  good  cultivation  is  about  the 
only  requirement  at  present,  since  the  plant-food  elements  are  usually  abundant 
Some  alkali  areas  occur  which  may  be  greatly  improved  by  turning  under 
sweet  clover, 

Yellow-Gray  Silt  Loam  over  Gravel  (1536) 

With  the  exception  of  two  small  areas  near  Sandwich,  yellow-gray  silt  loam 
over  gravel  is  found  in  the  northern  half  of  the  county,  chiefly  along  the  east 
and  north  sides  of  the  Kishwaukee  river.    The  type  covers  altogether  3,187  acres. 

The  surface  sfoU,  0  to  6%  inches,  is  a  grayish  or  yellowish  gray  silt  loam, 
containing  about  3  percent  of  organic  matter,  or  30  tons  per  acre.  It  varies 
in  physical  composition  from  a  silt  loam  to  a  loam,  and  in  small  areas  it  may 
approach  even  a  sandy  loam. 

The  natural  subsurface,  comprizing  a  stratum  from  6  to  10  inches  thick, 
is  a  yellow  to  grayish  yellow  silt  loam.  The  stratum  sampled  (6%  to  20  inches) 
contains  about  1.3  percent  of  organic  matter. 

The  subsoil  is  a  clayey  silt  of  a  yellow  or  slightly  grayish  yellow  color. 
Gravel  occurs  at  a  depth  of  38  to  48  inches. 

Management, — The  low  content  of  organic  matter  and  nitrogen  calls  for 
the  liberal  use  of  leguminous  crops,  but  to  make  conditions  most  favorable 
for  their  growth  limestone  should  be  applied  at  the  rate  of  about  2  tons  per 
acre.  Phosphorus  is  likewise  low  and  this  element  should  be  replenished  by 
the  use  of  rock  phosphate. 

Brown  Sandy  Loam  over  Gravel  (1566) 

Brown  sandy  loam  over  gravel  occurs  in  a  few  small  areas  in  the  north- 
eastern part  of  the  county,  and  covers  a  total  of  90  acres.  The  gravel  lies  from 
40  to  50  inches  below  the  surface. 

The  surface  soil,  0  to  6%  inches,  is  a  rather  light  colored  brown  sandy  loam 
containing  about  2.2  percent  of  organic  matter,  or  22  tons  per  acre. 
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The  natural  subsurface  soU  is  represented  by  a  stratum  4  to  9  inches  thick. 
The  organic-matter  content  of  the  stratum  sampled  (6%  to  20  inches)  is  about 
.7  percent. 

Hie  subsoU  is  a  yellow  sand  to  silty  sand    Gravel  occurs  at  40  to  50  inches. 

Management. — This  type  should  be  managed  the  same  as  the  brown  sandy 
loam  of  the  upland  (see  page  14). 

(d)     SWAMP  AND  BOTTOMLAND  SOILS 

In  the  group  designated  as  swamp  and  bottom-land  soils  are  included  the 
overflow  land  or  flood  plains  along  streams,  the  swamps,  and  the  poorly  drained 
lowlands.  The  four  types  recognized  as  belonging  to  this  group  make  up 
nearly  7  percent  of  the  area  of  DeKalb  county. 

Black  Mixed  Loam  (1450) 

Black  mixed  loam  occurs  in  a  large  nxmiber  of  small,  isolated  areas  all 
over  the  -county.  These  occur  principally  in  low  places  that  were  formerly 
swamps,  ponds,  or  sloughs.  The  largest  areas  of  this  type  are  found  in  the 
northeast  part  of  the  county.  The  total  area  of  this  soil  is  22.24  square  miles, 
or  14,233  acres. 

Tlie  surface  soil,  0  to  6%  inches,  varies  widely  in  its  physical  composition. 
For  example,  on  a  single  ten  acres,  borings  of  shallow  peat,  black  sandy  loam, 
peaty  loam,  and  gravelly  loam  were  found.  The  samples  taken  to  represent  the 
type  contained  approximately  12.9  percent  of  organic  matter. 

The  natural  subsurface  varies  in  thickness  from  8  to  24  inches.  In  physical 
composition,  it  varies  in  somewhat  the  same  manner  as  the  surface,  except  that  it 
is  generally  lighter  in  color.  The  organic-matter  content  of  the  stratum  sampled 
(6%  to  20  inches)  is  about  9.8  percent. 

The  subsoU  is  more  uniform  than  the  other  strata  and  is  usually  a  gray, 
drab,  or  yellow  silty  or  clayey  material. 

Management. — Drainage  is  the  first  requirement  and  since  all  strata  are 
pervious,  drainage  is  a  comparatively  easy  matter  if  a  sufiScient  outlet  can  be 
obtained.  All  varieties  of  the  type  are  very  rich  in  nitrogen  and  elements  of 
plant  food  generally,  with  possibly  the  exception  of  potassium  in  the  more 
peaty  phase  of  the  type. 

Deep^^Peat  (1401) 

Deep  peat  is  well  distributed  over  the  county,  but  usually  occurs  only  in 
small  areas.    The  total  area  of  the  type  is  1,293  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  to  black  peat,  containing  about 
65.6  percent  of  organic  matter,  or  328  tons  per  acre. 

The  snibsurface  stratum  is  about  13  inches  thick  and  is  similar  to  the  sur- 
face except  that  it  contains  more  organic  matter,  about  71.1  percent 

The  subsoil  contains,  in  the  area  sampled,  about  46  percent  of  organic 
matter. 
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Management. — Drainage  is  of  first  importance  with  this  type,  but  in  many 
cases  is  very  difficult  to  secure.  Tile  cannot  be  laid  to  the  best  advantage  in 
peat  on  account  of  irregular  settling  and  the  consequent  displacement  of  the  line. 
This  difficulty  may  be  partly  overcome  by  placing  the  tiles  upon  boards  laid  in 
the  bottom  of  the  ditch« 

Where  thoro  drainage  can  be  provided,  either  by  the  above  method,  by  open 
ditches,  or  by  laying  tiles  deep  enough  to  secure  a  solid  bed  for  them,  very 
marked  improvement  can  be  made  in  the  productive  power  of  deep  peat  by  the 
liberal  use  of  potassium,  which  is  by  far  the  most  deficient  element.  The  type  is 
well  supplied  with  phosphorus. 

For  an  account  of  field  experiments  on  deep  peat  the  reader  is  referred  to 
page  53  of  the  Supplement. 

Medium  Peat  on  Clay  (1402) 

Medium  peat  on  clay  is  found  in  only  a  few  small  areas  in  the  northern 
half  of  the  county  and  covers  an  area  of  but  26  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  to  black  peat  with  about  59 
percent  of  organic  matter. 

The  subsurface  contains  about  32  percent  of  organic  matter. 

The  day  subsoU  contains  about  8.2  percent  of  organic  matter. 

Mandgement. — If  this  type  is  not  productive  when  well  drained,  it  may,  in 
some  cases  where  the  clay  is  not  too  deep,  be  improved  by  extra  deep  plowing. 
By  this  process  clayey  material,  with  its  higher  potassium  content,  is  incorporated 
with  the  peat.  When  this  cannot  be  done,  the  use  of  coarse  manure  or  of  com- 
mercial potassium  is  advised. 

Mixed  Loam  (1454) 

Mixed  loam  occurs  as  irregular  bottoms  along  the  streams,  practically  all 
of  which  overfl(^.  The  total  area  covered  is  12,224  acres,  or  about  3  percent 
of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  mixed  loam  varying  from  a  black 
silty  clay  loam  to  a  brown  sandy  loam.  Occasionally  small  patches  of  peat  are 
found.  The  sample  taken  contained  about  4.8  percent  of  organic  matter,  or  48 
tons  per  acre. 

The  subsurface  is  a  brown  mixed  loam  varying  in  physical  composition  the 
same  as  the  surface.  It  contains,  according  to  the  sample,  about  3  percent  of 
organic  matter. 

The  subsoil  is  a  brownish  silt  to  sandy  loam,  becoming  lighter  with  in- 
creasing depth. 

Manugenient, — In  the  management  of  this  type,  good  cultivation  is  about 
the  only  thing  to  be  considered. 


APPENDIX 

EXPLANATIONS  FOB  INTEBPBETINO  THE  SOIL  SUBVEY 

CLASSIFICATION  OP  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.    Without  going  far  into  details  the  following  paragraphs  are  intended  to  . 
famish  a  brief  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the.  soil  type,  and  each  'type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  colluvial;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  prairie  grasses  or  forest;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel, 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness ;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Oreat  SoU  Areas  in  Illinois. — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  seventeen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

000    Betidual,  soils  formed  in  place  thru  disintegration  of  rocks,  and  also  rock  outcrop 

100    Unglaciated,  comprizing  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    lUinoisan  moraineB,  induding  the  moraines  of  the  Illinoisan  glaciations 

300    Lower  Illinoiaan  glaoiation,  covering  nearly  the  south  third  of  the  state 

400    Middle  IlHnoisan  glaoiation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Ulinoiean  glaoiation,  covering  about  fourteen  counties  northwest  of  the  middle 

Illinoisan  gladation 
600    Pre-Ioioan  glaoiation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    lowan  glaoiation,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wisconsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000    Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100    Early  Wisconsin  glaciation,  covering  the  greater  part  of  the  northeast  quarter  of  the 

state 
1200    Late  Wisconsin  glaciation,  lying  in  the  northeast  comer  of  the  state 
1300    Old  river-hottom  and  swamp  lands,  found  in  the  older  or  Illinoisan  glaciation 
1400    Late  river-hottom  and  swamp  lands,  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  bench  or  second  bottom  lands^  and  gravel  outwash  plains 
1600     Lacustrine  deposits,  formed  by  Lake  Chicago,  the  enlarged  glacial  Lake  Michigan 
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Mechanical  Composition  of  Soils, — The  mechanical  c(Hnposition,  or  the  tex- 
ture, is  a  most  important  feature  in  characterizing  a  soil.  The  texture  depends 
upon  the  relative  proportions  of  the  following  physical  constituents : 

Organic  matter :   undecomposed  and  partially  decayed  vegetable  material 
Inorganic  matter:   day,  silt,  fine  sand,  sand,  gravel,  stones 

Classes  of  Soils, — Based  upon  the  relative  proportion  of  the  various  con- 
stituents mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below : 

Index  Number  Limits  Class  Names 

0  to   .9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 aays 

20  to  24 Clay  loams 

25  to  49 Silt  loams 

50  to  59 Loams 

60  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 Oravelly  loams 

95  to  97 Gravels 

98 Stony  loams 

99 Bock  outcrop 

Naming  and  Numbering  SoU  Types, — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  is  the  color. 
Therefore,  in  the  naming  of  soils  in  Illinois,  a  combination  of  color  and  texture, 
together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  given  soil  type;  as  for 
example,  *'gray  silt  loam  on  tight  clay,"  or  *' brown  silt  loam  over  gravel." 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certain 
substrata.  When  .the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches ;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
somewhat  the  Dewey  library  system,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  with 
000,  the  residual,  followed  by  100,  the  imglaciated,  and  the  rest  of  the  series  in 
the  order  of  the  enumeration  presented  in  the  paragraph  above  headed  Oreat  SoU 
Areas  in  IlUnois,  The  digits  of  the  orders  of  units  and  tens  represent  the  various 
kinds  of  soil  such  as  are  enumerated  above  in  the  list  of  soil  classes.  Certain 
modifications  are  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
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is  found  less  than  30  inches  below  the  surface.  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
colors. 

A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  type  numbers  and  the  area  covered  by  each  type,  will  be  found 
in  the  respective  county  soil  reports. 

SOIL  SURVEY  METHODS 

Mapping  tJie  SoU  Types, — In  conducting  the  soil  survey,  the  county  consti- 
tutes the  unit  of  working  area.  In  order  that  the  survey  be  thoroly  trustworthy 
it  is  necessary  that  careful,  well-trained  men  be  employed  to  do  the  mapping. 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
two  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
up  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendently on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map- 
ping. The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  o£3cial 
data  of  the  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  town  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  thereon.  The  dif- 
ferent types  are  indicated  on  the  map  by  different  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
a  speedometer  or  by  some  other  measuring  device,  while  distances  in  the  field 
away  from  the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become 
expert  by  practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a  degree 
of  accuracy  as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  Analysis. — ^After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  different  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled ;  namely, 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subsoil 
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(20  to  40  inches) .  These  strata  correspond  approximately,  in  the  common  kinds 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to 
two  times  and  three  tim6s  this  quantity  in  the  subsurface  and  the  subsoil, 
respectively.  This  is,  of  course,  a  purely  arbitrary  division,  very  useful  in 
arriving  at  a  knowledge  of  the  quantity  and  the  distribution  of  plant  food  in  the 
soil,  but  it  should  be  noted  that  these  strata  do  not  necessarily  coincide  with  the 
natural  strata  as  they  actually  exist  in  the  soil,  and  which  are  referred  to  in 
describing  the  soil  types. 

By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  oi:dinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended  upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  A  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  midntained 
at  a  high  point,  then  the  strong  vigorous  plants  wiU  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PRINCIPLES  OF  son.  FERTILITY 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field ;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfur,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  Ca,  and  Pe.  Some 
seasons  in  central  Illinois  are  suflSciently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops,  growing  under  favorable  climatic 
and  cultural  conditions  and  uninjured  by  disease  or  insect  pests,  are  not  pro- 
duced the  failure  is  due  to  imfavorable  soil  condition,  which  may  result  from 
poor  drainage,  poor  physical  condition,  or  from  an  actual  deficiency  of  plant  food. 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  common 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
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Table  A. — Plant  Food  in  Wheat,  Corn,  Oats 

AND  ClOI 

^B 

Produce 

Nitrogen 

Phos- 
phorus 

Sulfur 

Potas- 
sium 

Magne- 
sium 

Calcium 

Kind 

Amount 

Iron 

Wheat,  grain 

Wheat,  straw 

Com,  grain 

Com  stover 

Com  cobs 

Oats,  grain 

Oat  straw 

Clover  seed 

Clover  hay 

Ibu. 
Iton 

Ibu. 
Iton 
Iton 

Ibu. 
Iton 

Ibu. 
Iton 

.  lbs. 

1.42 
10.00 

1.00 

16.00 

4.00 

.66 
12.40 

1.75 
40.00 

lbs. 

.24 
1.60 

.17 
2.00 

.11 
2.00 

.50 
5.00 

lbs. 

.10 
2.70 

.08 
2.42 

.06 
4.14 

'3;28 

Ib8. 

.26 
18.00 

.19 

17.33 

4.00 

.16 
20.80 

.75 
30.00 

lbs. 

.08 
1.60 

.07 
3.33 

.04 
2.80 

.25 
7.75 

lbs. 

.02 
3.80 

.01 
7.00 

.02 
6.00 

.13 
.    29.25 

U)8, 

.01 
.60 

.01 
1.60 

.01 
1.12 

i;66 

ton,  as  the  case  may  be.    From  these  data  the  amount  of  any  element  removed 
from  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argument  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion.  « 

PLANT.POOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  {carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 


Table  B. — Plant-Food  Elements  in  Manube,  '. 

Hough  Feeds,  and  Febtujzsbs 

Material 

Pounds  of  plant  food 
of  material 

per  ton 

Nitrogen 

Phosphorus 

Potassium 

Prenh  farm  manure 

10 

16 
12 
10 

40 
43 
50 
80 

280 
310 
400 

80 
20 

•  •  • 

•  •  • 

•  •  • 

•  •   • 

«   •   • 

2 

2 
2 
2 

5 
5 
4 

8 

•  •  ■ 

•  •  ■ 

•  •  • 

180 
250 
250 
125 

•  ■  ■ 

t   *   • 

10 

8 

Com  stover 

17 

Oat  straw ; 

21 

Wheat  straw 

19 

Clover  hay 

30 

Cowpea  hay 

33 

Alfafifa  hay"! 

24 

Sweet  clover  (water-free  basis)' 

28 

Dried  blood 

Sodium  nitrate 

Annnnniiim  sulfate 

Raw  bone  meal 

Steamed  bone  meal 

Raw  rock  phosphate 

Acid  phosphate 

Potassium  chlorid 

850 

Potassium  sulfate 

850 

Kainit 

200 

Wood  ashes* 

100 

'Young  second  year's  growth  ready  to  plow  under  as  green  manure. 

'Wood  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 
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air  by  one  class  of  plants  (legumes),  in  case  the  amount  liberated  from  the 
soil  is  insufficient;  but  even  these  plants  (which  include  only  the  clovers,  peas, 
beans,  and  vetches  among  our  common  agricultural  plants)  are  dependent  upon 
the  soil  for  the  other  six  elements  {phosphorus,  potassium,  magnesium,  calcium, 
iron,  and  sulfur),  and  they  also  utilize  the  soil  nitrogen  so  far  as  it  becomes 
soluble  and  available  during  their  period  of  git>wth. 

The  vast  difference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  to  4,900  pounds,  the  potassium  ranges  from  1,530  to  about  58,000 
pounds.  Similar  variations  are  found  in  all  of  the  other  essential  plant  food 
elements  of  the  soil. 

With  these  facts  in  mind  it  is  easy  to  understand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reduced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some. of  the  materials  most  commonly  used 
as  sources  of  plant-food  supply. 

UBBRATION  OP  PLANT  POOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  fanner, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  the  choice  of 
crops  to  be  grown,  the  use  of  limestone,  and  the  incorporation  of  o]^;anic  matter. 
Tillage,  especially  plowing,  also  has  a  considerable  effect  in  this  connection. 

Feeding  Power  of  Plants. — Different  species  of  plants  exhibit  a  very  great 
diversity  in  their  ability  to  obtain  plant  food  directly  from  the  insoluble 
minerals  of  the  soil.  As  a  class,  the  legumes — especially  such  biennial  and 
perennial  legumes  as  red  clover,  sweet  clover,  and  alfalfa — ^are  endowed  with 
unusual  power  to  assimilate  from  mineral  sources  such  plant  foods  as  calcium 
and  phosphorus,  converting  them  into  available  forms  of  food  for  the  crops  that 
follow.  For  this  reason  it  is  especially  advantageous  to  employ  such  legumes  in 
connection  with  the  application  of  limestone  and  rock  phosphate.  Thru  their 
growth  and  subsequent  decay  large  quantities  of  the  mineral  foods  iare  liberated 
for  the  benefit  of  the  less  independent  feeding  cereal  crops  which  follow  in  the 
rotation.  Moreover,  as  an  effect  of  the  deep  rooting  habit  of  these  legumes,  large 
quantities  of  mineral  plant  foods  are  brought  up  and  rendered  available  from 
the  vast  reservoirs  of  the  lower  subsoil. 

Effect  of  Limestone, — Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogeh-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.    At  the 
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same  timei  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  sufficient  organic  nitrogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  com,  the  nitrous  acid  formed  is  alone  sufficient  to  convert 
seven  times  as  much  insoluble  tricalcium  phosphate  into  soluble  monocalcium 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Organic  Matter  and  Biological  Action, — Organic  matter  may  be  supplied  by 
animal  manures,  consisting  of  the  excreta  of  animals  and  usually  accompanied 
by  more  or  less  stable  litter;  and  by  plant  manures,  including  green-manure  crops 
and  cover  crops  plowed  imder,  and  also  crop  residues  such  as  stalks,  straw,  and 
chaff.  The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condi- 
tion, and  origin,  and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  but  little  more 
than  half  the  organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  to  nearly  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.  The  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  additions 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legume 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  to  some  extent 
by  the  ratio  of  carbon  to  nitrogen.  Fresh  organic  matter  recently  incorporated 
with  the  soil  contains  a  very  much  higher  proportion  of  carbon  to  nitrogen  than 
do  the  old  resistant  organic  residues  of  the  soil.  The  proportion  of  carbon  to 
nitrogen  is  higher  in  the  surface  soil  than  in  the  corresponding  subsoil,  and  in 
general  this  ratio  is  wider  in  highly  productive  soils  weU  charged  with  active 
organic  matter  than  in  very  old,  worn  soils  badly  in  need  of  active  organic  matter. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrous 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  power  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage, — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
thesoiL 
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PERMANENT  SOIL  IMPROVEMENT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of  Limestone. — ^In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse 
causes.  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.  It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitro- 
gen fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of 
certain  fungus  diseases,  such  as  com  root  rot  Experience  indicates  that  it 
modifies  either  directly  or  indirectly  the  physical  structure  of  fine-textured  soils, 
frequently  to  their  great  improvement. 

Thus,  working  in  one  or  more  of  these  different  ways,  limestone  often  be- 
comes the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply. — If  the  soil  is  acid,  usually  at  least  2  tons  per  acre  of 
ground  limestone  should  be  applied  as  an  initial  treatment.  Continue  to  apply 
limestone  from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes,  using  preferably  at  times  magnesian  limestone 
(CaCOgMgCOs),  which  contains  both  calcium  and  magnesium  and  has  slightly 
greater  power  to  correct  soil  acidity,  ton  for  ton,  than  the  ordinary  calcium 
limestone  (CaCOg).  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa, 
4  or  5  tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

How  to  Ascertain  the  Need  for  Limestone, — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  one  of  the  following  tests  for  soil  acidity.  Along 
with  the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It 
should  be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the 
absence  of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral 
point,  that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This 
condition  is  explained  by  the  assumption  that  solid  particles  of  calcium  or 
magnesium  carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally 
acid.  Because  of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if 
it  is  to  be  thoroly  reliable.  It  is  also  desirable  to  test  samples  from  different 
depths.    Following  are  the  directions  f oi:  making  these  tests : 

The  Litmus  Paper  Test  for  Acidity.  Make  a  ball  of  fresh  moist  soil,  break  it  in  two, 
insert  a  piece  of  blue  litmus  paper,  and  press  the  soil  firmly  together.  After  a  few  minutes 
examine  the  paper.  If  it  has  turned  pink  or  red,  soil  acidity  is  indicated.  The  intensity  of 
the  color  and  the  rapidity  with  which  it  develops  indicates  to  some  extent  the  amount  of 
acidity.  Needless  to  say  the  reliability  of  the  test  depends  upon  the  quality  of  litmus 
paper  used. 
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The  Potassliun  ThlocTanate  Test  for  Acidity.  A  more  recently  discovered  test  for  soil 
aeidity  which  promises  to  be  more  satisfactory  than  the  litmus  test  is  made  with  a  4-percent 
solution  of  potassium  thiocyanate  in  alcohol— -4  grams  of  potassium  thiocyanate  in  100 
cubic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of  soil 
shaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soil  is  acid  and  lime- 
stone should  be  applied.  If  the  solution  remains  colorless  the  soil  is  not  acid.  The  con- 
ditions for  a  prompt  reaction  require  a  temperature  that  is  comfortably  warm. 

The  Hydrochloxlc  Add  Test  for  Oarbonates.  Make  a  shallow  cup  of  a  ball  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  bubbles, 
producing  foaming  or  effervescence.  With  much  carbonate  present  the  action  is  lively,  but 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little, 
is  indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 

The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  agricul- 
ture. Four  important  reasons  for  this  are:  its  increasing  deficiency  in  most 
soils;  its  cost  when  purchased  on  the  open  market;  its  removal  in  large  amounts 
by  crops;  and  its  loss  from  soils  thru  leaching.  Nitrogen  costs  from  four  to 
five  times  as  much  per  pound  as  phosphorus.  A  100-bushel  crop  of  com  re- 
quires 150  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops. 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This  large 
supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually  turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  ihe  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soil. 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bnshel  of  oats  (grain  and  straw)  requires  1  pound  of  nitrogen. 
1  bnshel  of  com  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 
1  bnshel  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 
1  ton  of  timothy  contains  24  pounds  of  nitrogen. 
1  ton  of  clover  contains  40  pounds  of  nitrogen. 
1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 
1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 
1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  green 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen. 
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The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and  the 
roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops.  Soils  of  mod- 
erate productive  power  will  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and  stubble.  In  grain 
crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  cell 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  being  especially  rich  in  this  element. 

The  phosphorus  content  of  a  soil  varies  according  to  its  origin  and  the 
kind  of  farming  practiced.  Even  virgin  soils  are  found  that  are  deficient  in 
phosphorus. 

On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to  serious 
erosion  by  surface  washing  or  guUying)  that  element  should  be  applied  in  consii- 
erably  larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops  de- 
sired to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  finely  ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds 
per  acre,  which  may  require  a  total  application  of  from  3  to  5  or  6  tons  per  acre  of 
raw  phosphate  containing  121^  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  a  pound  of  phosphorus  delivered  in 
Illinois  in  the  form  of  raw  phosphate  (direct  from  the  mine  in  carload  lots),  is 
much  cheaper  than  the  same  amount  in  steamed  bone  meal  or  in  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase  by  farmers 
in  carload  lots,  which  is  not  the  case  with  raw  phosphate.  Landowners  should 
bear  in  mind  the  fact  that  phosphorus  additions  to  the  soil  in  amounts  above  the 
immediate  crop  requirements  represent  a  permanent  investment,  since  this  ele- 
ment is  not  readily  lost  in  the  drainage  water  as  in  the  case  of  nitrogen.  It  is 
removed  from  the  farm  thru  the  sale  of  crops,  milk,  and  animals. 

Phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is  applied 
to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant  seems  to 
possess  an  unusual  power  for  assimilating  raw  phosphate,  or  else  at  a  time  when 
it  can  be  plowed  under  with  some  form  of  organic  matter  such  as  animal  manure 
or  green  manure,  the  decay  of  which  serves  to  liberate  the  phosphorus  from  its 
insoluble  condition  in  the  rock.  It  is  important  that  the  finely  ground  rock  phos- 
phate be  intimately  mixed  with  the  organic  material  as  it  is  plowed  under. 

The  Potassium  Problem 

Normal  soils,  in  which  clay  and  silt  form  a  considerable  part  of  the  con- 
stituency, are  well  stocked  with  potassium,  altho  it  exists  largely  in  insoluble 
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form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low  in  this  ele- 
ment. On  such  soils  this  deficiency  may  be  supplied  by  the  application  of  some 
potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit,  or  other 
potassium  compound,  and  in  many  instances  this  is  done  at  great  profit. 

From  aU  the  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  normal  soils 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera- 
tion. The  Bothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  had  practically  the 
same  power  as  potassium  to  increase  crop  yields  in  the  absence  of  sufScient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 
potassium  is  removed,  as  in  the  entire  crops  at  Rothamsted,  with  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 

Further  evidence  on  this  matter  is  furnished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure. 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  com, 
but  the  cheaper  salt — ^kainit — was  just  as  effective  as  the  potassixun  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave  very 
little  increase  over  that  produced  by  the  manure  alone.  This  is  explained  in 
part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  that  potassium  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds  of 
the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from 
the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  potassium ; 
so  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either 
in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
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annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassium,  130  of 
magnesium,  and  330  of  calcium.  These  figures  are  very  significant,  and  it  may 
be  stated  that  if  the  plowed  soil  is  well  supplied  with  the  carbonates  of  magnesiuin 
and  calcium,  then  a  very  considerable  proportion  of  these  amounts  will  be  leached 
from  that  stratum.  Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at 
Rothamsted,  England,  where  the  soil  contains  plenty  of  limestone,  has  averaged 
more  than  300  pounds  a  year  as  determined  by  analyzing  the  soil  in  1865  and 
again  in  1905.  And  practically  the  same  amount  of  calcium  was  found  by 
analyzing  the  Rothamsted  drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCO,),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  is  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  was  applied 
at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years  amounted 
to  790  pounds  per  acre.  The  definite  data  from  careful  investigations  thus  seem 
to  indicate  that  where  limestone  is  needed  at  least  2  tons  per  acre  should  be 
applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
em  and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows: 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins,  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  the  sulfur  passes  into  the  atmos- 
phere or  into  the  soil  solution  in  the  form  of  sulfur  dioxid  gas.  This  gas  unites 
with  oxygen  and  water  to  form  sulfuric  acid,  which  is  readily  washed  back  into 
the  soil  by  the  rain,  thus  completing  the  cycle,  from  soil — to  plants  and  animals 
— to  air — to  soil. 

In  this  way  sulfur  becomes  largely  a  self-renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.    With  a  fair  stock  of 
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sulfur,  such  as  exists  in  our  common  types  of  soil,  and  an  annual  return,  which 
of  itself  would  more  than  suflScc  for  the  needs  of  maximum  crops,  the  mainte- 
nance of  an  adequate  sulfur  supply  presents  little  reason  at  present  for  serious 
concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur  in  the 
soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is  small. 
Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of  crop  pro- 
duction, and  it  will  be  necessary  sooner  or  later  to  introduce  this  substance  from 
some  outside  source.  Investigation  is  now  under  way  to  determine  to  what 
extent  this  situation  may  apply  to  conditions  in  Illinois. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  ty^pes,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tendency  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  often 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  com  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  howpver,  both  the.htimus-making  material  and  the  nitrogen  are  lost  to 
the  soil. 

It  is  a  common  practice  in  the  corn  belt  to  pasture  the  corn  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.    This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
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working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if  cropping  has 
reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good  tilth. 

Systems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bedding 
practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with  the 
least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what  will 
prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and  farmers 
and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 

Six- Year  BotatloiiB 
First  year     — CJom 
Second  year  — Com 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Fourth  year  — Clover,  or  clover  and  grass 
Fifth  year    — ^Wheat  (with  clover),  or  grass  and  clover 
Sixth  year    — Clover,  or  clover  and  grass 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  I'otation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
•and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Five-Tear  Rotations 
First  year     — Com 

Second  year  — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Third  year   — Clover,  or  clover  and  grass 
Fourth  year  — ^Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — Clover,  or  clover  and  grass 

First  year     — Com 

Second  year  — Com 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year — Clover,  or  clover  and  grass 

Fifth  year    —Wheat  (with  clover) 
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First  year     — Com 


Jr^rst  year     — uom 

Second  year  — Cowpeaa  or  soybeans 

Th4rd  year    — ^Wheat  (with  clover) 

Fourth  year — Clover 

Fifth  year    —Wheat  (with  clover) 


The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

Foar-Tear  Botattons 

First  year     — ^Wheat  (with  clover)  First  year     — Com 

Second  year  —Cora  Second  year  — Com 

Third  year    — Oats  (with  clover)  TMrd  year    — ^Wheat  or  loats  (with  doveV) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year     — Com  First  year    — ^Wheat  (with  clover) 

Second  year  — ^Wheat  or  oats  (with  clover)  Second  year  — Clover 

Third  year    — Clover  Th^rd  year   — Com 

Fourth  year  — ^Wheat  (with  clover)  Fourth  year  — Oats  (with  clover) 

First  year  — Com 

Second  year  — Cowpeas  or  soybeans 

Third  year  — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four ;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three- Year  Rotations 

First  year     — Cora  First  year     — ^Wheat  (with  clover) 

Second  year  — Oats  or  wheat  (with  clover)      Second  year  — Com 

Third  year    — Clover  Third  year    — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 
before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 
grow  on  every  acre  every  year.  This  is  likewise  true  of  the  following  suggested 
tv^o-year  system: 

Two-Tear  Rotations 
First  year    — Oats  or  wheat  (with  sweet  clover) 
Second  year  — Cora 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover 
especially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture 
and  hay-crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop- 
rotation  program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  Representing  the  More  Important  Types  of 

SoU  Occurring  in  DeKalb  County) 

• 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results,  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  sinne  instances 
may  call  for  the  modification  of  former  reconunendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  additional  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soil.  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  sununarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report 

A  few  general  explanations  at  this  point,  which  apply  to  all  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

Size  and  Arrangement 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots,  the  plots  conunonly  being  either  one-fifth  or 
one-tenth  acre  in  area.  Each  series  is  occupied  by  one  kind  of  crop.  Usually 
there  are  several  series  so  that  a  crop  rotation  can  be  carried  on  with  every  crop 
represented  every  year. 

Fanning  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  farming  and  grain  farming. 

In  the  live-stock  system,  stable  manure  is  used  to  furnish  organic  matter 
and  nitrogen.  The  amount  applied  to  a  plot  is  based  upon  the  amount  that  can 
be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.  The  organic  matter  and 
nitrogen  are  applied  in  form  of  plant  manures,  including  all  the  plant  residues 
produced,  such  as  com  stalks,  straw  from  wheat,  oats,  clover,  etc.,  alon^  with 
leguminous  catch  crops  plowed  under.  It  is  the  plan  in  this  latter  system  to 
remove  from  the  land,  in  the  main,  only  the  grain  and  seed  produced,  except  in 
the  case  of  alfalfa,  that  crop  being  harvested  for  hay  the  same  as  in  the  live-stock 
system. 

Crop  Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  definite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.    The  most  common  rotation  used  is  wheat, 
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com,  oats,  and  clover;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
on  a  fifth  series.  In  the  grain  system  a  legume  catch  crop,  usually  sweet  clover, 
is  included,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  tlie  following  spring  in  preparation  for  com.  In  the  event  of 
clover  failure,  soybeans  are  substituted. 

Soil  Treatment 

The  treatment  applied  to  the  plots  has,  in  large  part,  been  standardized 
according  to  a  rather  definite  ^stem,  altho  many  deviations  from  this  system 
occur. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

Animal  Mawwres, — ^Animal  manures,  consisting  of  excreta  from  animals, 
with  stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate 
to  previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manures, — ^All  crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaff,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clover  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures, — The  usual  yearly  acre-rates  of  application  have  been: 
for  limestone,  1,000  pounds;  for  raw  rock  phosphate,  500  pounds;  and  for 
potassium,  the  equivalent  of  200  pounds  of  kainit.  The  initial  application  of 
limestone  has  usually  been  4  tons  per  acre. 

Explanation  of  Symbols  Used 

0  =  Untreated  land  or  check  plots 

M  ^  Manure  (animal) 

B  =  Besidues  (from  crops,  and  includes  legumes  used  as  green  manure) 

li  =  Limestone 

P  =  Phosphorus 

K  =  Potassium  (usually  in  the  form  of  kainit) 

N  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 

(  )  =  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
b)ishels  of  seed 

In  discussions  of  this  sort  of  data,  financial  profits  or  losses  based  upon 
assigned  market  values  are  frequently  considered.  However,  in  view  of  the 
erratic  fluctuations  in  market  values — especially  in  the  past  few  years — it  seemb 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at  all  satisfactory. 
The  yields  are  therefore  presented  with  the  thought  that  with  these  figures  ai 
hand  the  financial  returns  from  a  given  practice  can  readily  be  computed  upon 
the  basis  of  any  set  of  market  values  that  the  reader  may  choose  to  apply. 

BROWN  SILTIlOAM 

Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.  Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 
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The  Morrow  Plots 

It  happens  that  the  oldest  soil  experiment  field  in  the  United  States  is 
located  on  typical  brown  silt  loam  of  the  early  Wisconsin  glaeiation,  on  the 
campus  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  George 
E.  Morrow,  who  for  many  years  was  Professor  of  Agriculture,  and  these  plots 
are  known  as  the  Morrow  plots. 

The  Morrow  series  now  consists  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  com  is  grown  continuously; 
on  the  second,  com  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  has 
been  treated  since  1904,  receiving  standard  applications  of  farm  manure  with 
cover  crops  grown  in  the  one-crop  and  two-crop  systems.  Phosphoms  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  pounds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phosphate  was  in 
creased  sufBciently  to  bring  up  the  total  amount  applied  to  four  times  the  qusD 
tity  of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  pounds  of  bone  meal  per  acre  per  year.  Id 
1904  ground  limestone  was  applied  at  the  rate  of  1,700  pounds  per  acre  to  the 
south  h&lf  of  each  plot,  and  in  1918  a  further  application  was  made  at  the  rate 
of  5  tons  per  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 

Table  1  gives  the  yearly  record  of  the  crop  yields,  and  Table  2  presents  the 
same  in  summarized  form. 


Fig.  1, — Corn  on  the  Uokbow  Plots  m  1910 
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Table  1.— URBANA  FIELD,  MORROW  PLOTS:    Brown  Silt  Loam;  Prairie;  Early 

Wisconsin  Glaciation 


\ 

Crop  Yields  in  Soil  Experiments— Bushels  or  (tons)  per  acre 

Years 

SoU 

treatment 

applied 

CJorn 
every 
year 

Two-year  rotation 

Three-year  rotation 

CJorn 

Com           Oats 

Com           Oats          Clover 

1879-87 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

•  •   •  • 

54.3 
43.2 
48.7 
28.6 
33.1 
21.7 
34.8 
42.2 
62,3 
40.1 
18.1 
50.1 
48.0 
23.7 
60.2 
26.0 

•  •••                         ••■• 

49.5 

37.4 
54.3             .... 

Ou  .It                   .... 

37.2 
29.6            

57.2 
41.6 

....               «54 .  u 
47.0 

■   ■••                           •••• 

4^ • ^                         .   .   •   • 

41.5 

«Jo  .7              .... 

56.3 

Od .  «l                      .... 

70 
34 

•  • 

•  • 

•  • 

•  ■ 
■  • 

53 

•  ■ 

34 

•  • 

48.6 

(4.04) 

(1.51) 

(1.46) 

.2 
.1 

65.1 

22.2 

.   •                          •   •   •   •                          .    .   t   • 

.5 

..             ....              .... 

.3 

54.6 
(1.11) 

1904 
1904 
1905 
1905 
1906 
1906 
1907 
1907 
1908 
1908 
1909 
1909 
1910 
1910 
1911 
1911 
1912 
1912 
1913 
1913 
1914 
1914 
1915 
1915 
1916 
1916 
1917 
1917 
1918 
1918 
1919 
1919 
1920 
1920 
1921 
1921 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

None 

MLP 

21.5 
17.1 
24.8 
31.4 
27.1 
35.8 
29.0 
48.7 
13.4 
28.0 
26.6 
31.6 
35.9 
54.6 
21.9 
31.5 
43.2 
64.2 
19.4 
32.0 
31.6 
39.4 
40.0 
66.0 
11.2 
10.8 
40.0 
78.0 
13.6 
32  6 
24.0 
43  4 
28  2 
54.4 
19.8 
42.2 

17.5 

....                ^0 .  o 

50.0             

Vx .  «f                  .... 
....                  On. .  # 

52.4 
47.8 
87.6 
....               oZ . 9 

45.0 

33.0            

64.8            .... 

.  .  . •                 Oo . o 
....                o*7 . 4 

28.6 

46.3             .... 
55.0 
81.0 

29.2 

25.0             

33.6 
58.2 

49.0             

81.2 

....                   o  #  .  O 

64.7 
48.4 
81.4 

27.2 

59.3 

30  8             

66.2 

37.2 
....             51 .6 
30.6            «... 
68.4 

55 
72 

•  • 

•  • 

•  • 

•  ■ 

80 
93 

•  • 

•  • 

•  • 

•  • 

58 
83 

•  • 

•  • 

•  • 

■  • 

33 

•47 

•  • 

•  • 

•  • 

27 
40 

•  • 

•  • 

•  • 

■  • 

52 
70 

•  • 

•  • 

•  • 

3 
.7- 

42.3 

50.6 

(1.42)' 

(1.74)' 

,0                   ••■•                    •••• 

,o                               ■•••                                ••■• 

40.0 

.    .                              4.  X  .  TK                               «... 

(  .65)' 

(1.73)» 

,o                  ••••                   •••• 

•O                     •••■                      •••« 

20.6 

38.0 

16.3' 

20.0' 

.O                       ■•••                        «••• 
,0                      ••■•                       •■•• 

39.6             

60.4 

24.2' 

27.1' 

6 

68.4 

86.9 

(2.58) 

(4.04) 

£t                      ••••                        •••• 

.  ^y                 ••••                  •••• 

52.2 

69.7 

(   .26)* 

(1.33)» 

>Soyfoeaii8. 

•In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 
•In  addition  to  the  hay,  1.17  bushels  of  seed  were  harvested. 
^In  addition  to  the  hay,  .53  bushel  of  seed  was  harvested. 
•In  addition  to  the  hay,  .85  bushel  of  seed  was  harvested. 
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Table  2— URBAN  A  FIELD,  MORROW  PLOTS:    General  Summaby 
Average  Annual  Yields — Bushels  or  (tous)  per  acre 


[June, 


Years 

Soil 

treatment 

applied 

Corn 
every 
year 

Two-year 

rotation 

Three-year  rotation 

Com 

Oats 

Com 

Oats 

Clover 

1888 
to  1903 

None 

16  crops 
39.7 

9  crops 
41.0 

6  crops 
44  0 

4  crops 
48.0 

4crops 
47.6 

4crops 
(2.03) 

1904 
to  1921 

None 

MLP 

18  crops 
26.2 
41.2 

9  crops 
38.6 
62  9 

9  crops 
34  4 
55  2 

6  crops 
51.4 
68.1 

6  crops 
43.9 
58.3 

4crop8 

(1.23)» 
(2.21)» 

'One  crop  of  soybean  hay. 

Summarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half-plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the 
continuous  com  .plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one-third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  com  and  oats  production,  while  the  averages  for  the 
three-year  system  show  an  increase  in  com  yield  and  decreases  in  oats  and  clover. 
Unfortunately  the  numbers  of  crops  included  in  these  last  averages  are  too  small 
to  warrant  positive  conclusions. 

The  increase  brought  about  by  soil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 


The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  1901. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
*  *  field  "  in  a  crop  rotation  system. 

From  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  corn  and  oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  with  a  crop 
rotation  of  wheat,  corn,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows : 

Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and  8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (R)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
in  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 
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Manure  (M)  waa  applied  preceding  corn,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
tuted for  the  bone  meal  on  one-half  of  each  of  these  plots.  These  applications 
continued  until  1918  when  adjustments  were  begun,  first  to  make  the  rate  of 
application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
rotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9,  in  connection 
with  the  organic  manures  and  phosphorus,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  *' extra  heavy"  treatment  was  not  begun  until 
1906,  only  the  usual  amounts  of  lime,  phosphorus,  and  potassium  having  been 
applied  in  previous  years.  The  purpose  in  making  these  heavy  applications  is  to 
try  to  determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limita- 
tions of  inadequate  fertility. 

It  will  be  observed  that  the  applications  described  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  system, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues  along  with  legumes,  is 
exemplified  in  Plots  2,  4,  6,  and  8 ;  and  the  live-stock  system^  in  which  farm 
manure  is  utilized  for  soil  enrichment,  is  represented  in  Plots  3,  5,  7,  and  9. 

Table  3  shows  a  summary  of  the  results  obtained  on  the  Davenport  plots 
beginning  with  the  year  1911,  when  the  present  cropping  system  was  introduced. 

When  used  in  conjunction  with  phosphorus  the  crop  residues  and  the 
manure  appear  about  equally  effective;  but  where  phosphorus  is  not  applied, 
the  manure  has  been  decidedly  more  effective,  under  the  conditions  of  the  ex- 
periment. It  should  be  observed,  however,  in  this  connection,  that  the  plowing 
under  of  clover  is  a  very  essential  feature  of  the  residues  system,  and  that,  as 
a  matter  of  fact,  there  were  five  clover  failures,  when  soybeans  were  substituted, 
during  the  ten  years.  Perhaps  with  a  more  reliable  biennial  legume  than  red 
clover,  the  results  would  have  been  more  favorable  for  this  system. 

By  comparing  Plots  2  and  3  with  Plots  4  and  5,  it  is  found  that  limestone 
has  had  a  beneficial  effect  on  all  crops.  What  the  financial  profit  amounts  to 
depends  obviously  upon  the  market  value  of  the  crops  and  the  cost  of  the 
limestone. 
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Tabm  3.— URBANA  field,  DAVENPORT  PLOTS:    Brown  Silt  Loam,  Pkaime;  Eablt 

WiscoiraiN  Gi^ciATioN 

Average  Annual  Yields — Bushels  or  (tona)  per  sere 

1911-1920 


Soil 
treatment 
applied 

Corn 

Oata 

Wheat 

Qover 
5  crops 

Soj4>eans 
5  crops 

Alfalfft 

3 

56.6 

SOS 

26.0 

(2.42) 

(1.47) 

(2«) 

67.1 
66.3 
64,8 
69.6 

52.3 
61.9 
55.6 
64.1 

28.7 
28,2 
31.4 
32.8 

1,47' 

(2.66) 

i.ai' 

(2.90) 

19  8 

(1.62) 

20.3 

(1.67) 

(2.«) 
(2  5!) 
(2.72) 
(3.08) 

M 

ML 

715 
73.0 
70.9 
70,2 

69,8 
68,6 
72.6 
72.0 

43.0 
40.0 
40,7 
39.2 

2.29' 
(3.40) 

23.5 
(2  20) 

(3.M) 
(3.76) 
(3.77) 
(3.73) 

MLP 

EILPK 

9 

MLPK 

10 

MxSLPiS 

65,9 

71.4 

40.fi 

(3,31) 

(2.22) 

(3.77) 

Comparing  Plots  4  and  5  with  Plots  6  and  7,  respectivdy,  there  is  found 
in  all  cases  an  increase  in  crop  yield  as  a  result  of  adding  phosphoms.  The 
effect  on  wheat  is  especially  pronounced.  Where  limestone  and  phosphonB 
are  applied  in  addition  to  the  crop  residues,  an  increase  of  17  bushels  of  wheat, 
over  the  yield  of  the  untreated  land,  has  been  obtained  an  &  ten-year  average. 


Uanure 
Yield:    1.43  tons  per  aero 
Pro.  2, — Clover  o 


Manure,  limestone,  phosphorus 
Yield:    2.80  tons  per  aire 
s  Davenport  Plots  m  1918 
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The  effect  of  adding  potassium  to  the  treatment  is  of  much  interest.  Plots 
8  and  9  are  the  same  as  Plots  6  and  7,  respectively,  except  that  potassium  has 
been  applied  to  the  former.  On  the  whole,  no  significant  benefit  is  shown  from 
the  addition  of  potassium. 

No  benefit  appears  as  the  result  of  the  extra-heavy  applications  of  manure 
and  phosphorus  on  Plot  10.  In  fact  the  corn  yields  are  noticeably  less  here 
than  on  the  plots  receiving  the  normal  applications  of  these  materials. 

The  University  South  Farm 

On  the  University  South  Farm,  at  Urbana,  several  series  of  plots  devoted 
primarily  to  variety  testing  and  other  crop-production  experiments  are  so  laid 
out  as  to  show  the  effects  of  certain  soil  treatments  that  have  been  applied. 
Several  different  systems  of  crop  rotation  are  employed  and  the  crops  are  so 
handled  as  to  exemplify  the  two  general  systems  of  farming,  grain  and  live-stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  sys- 
tems of  cropping.  The  first,  designated  as  the  Southwest  rotation,  is  to  be 
regarded  as  a  good  rotation  for  general  practice,  on  this  type  of  soil,  under  Illi- 
nois conditions.    This  is  a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 


Table  4.— URBANA  FIELD,  SOUTH  FARM:    Brown  Silt  Loam,  Praibib;  Early  Wis- 
consin Glaciation 

Average  Annual  Yields — Bushels  or  (tons)  per  acre 

190^-1919 

Southwest  Rotation:    Series  100,  200,  400> :    Wheat,  Com,  Oats,  Clover> 


Soil  treatment 
applied* 

Com 
9  crops 

Oats* 
9  crops 

Wheat* 
8  crops 

Clover* 
3  crops 

Soybeans 
7  crops 

RP 

62.3 
61.9 
59.7 
64.3 

51.9 
46.5 
50.2 
55.4 

41.0 
26.9 
29.1 
43.1 

1.05 
1.38 

(2.28) 
(2.86) 

17.3* 

R 

16.2* 

M 

(1.25) 

MP 

(1.51) 

Rf.P 

60.5 
49.7 
55.5 
64.1 

57.2 
49.6 
54.1 
59.6 

41.8 
25.8 
27.8 
43.9 

.64 
.83 
(1.71) 
(1.77) 

16.4* 

R 

14.7* 

M 

(1.28) 

MLP 

(1.58) 

North-Central  Rotation:    Series  500,  600,  700»:    Com,  Com,  Oats,  Clover* 


Soil  treatment 
applied* 


RP. 

R.. 

M.. 

MP 


Com 
1st  year 
9  crops 


56.7 
61.7 
54.9 
56.5 


Com 

2d  year 

9  crops 


51.1 
46.2 
46.7 
53.4 


Oats 
9  crops 


56.1 
52.0 
52.1 
56.9 


Clover 
5  crops 


.54 
.50 
(2.29) 
(2 .  73) 


Soybeans 
4  crops 


16.9 
16.0 

(1.60) 
(1.74) 


South-Central  Rotation:    Series  500,  600,  700*:    Com  Com,  Com,  Soybeans 


Soil  treatment 
applied* 


RP. 
R.. 
M.. 
MP 


Com 
Ist  year 
9  crops 


51.9 
45.5 
50.1 
54.5 


Com 
2d  year 
9  crops 


44.0 
39.9 
42.1 
46.7 


Com 
3d  year 
9  crops 


41.3 
35.2 
33.5 
42.0 


.Soybeans 
9  crops 


20.0 

19.2 

(1.59) 

(1.66) 


^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

*Soyb^ms  when  clover  fails. 

*Only  seven  crops  with  limestone. 

*Only  one  crop  with  limestone. 

•Average  of  five  crops. 

*A11  phosphorus  plots  received  ^  ton  per  acre  of  limestone  in  1903. 
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Twelve-Yew  Average  (1908-1919)— BusheU 

per  acre 

BotatioQ 

Wheat-corn- 
oatA-l^wne' 

Corn~com-o&t»- 

legume' 

Treatment 

Corn 

1st  Corn   2d  Com 

1st  Com   2d  Com   3d  Com 

55,8 
63,2 

53.3           46  0 
56.6          52.3 

Organic  manures,  phoephorus, . . 

53.2         46.3          416 

■Clover  3  craps  and  soybeans  7  crops. 
'Clover  5  crops,  and  soybeans  5  crops. 
'Soybeans  9  crops. 

The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oats,  and  clover, 
represents  a  system  very  commonly  practiced;  and  the  third  or  Soath-Central 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  must  be  considered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land 
On  the  whole,  t^e  "residaes"  have  not  retnmed  yields  quite  so  high  as 
those  produced  by  the  manure  treatment;  but,  as  remarked  above  in  the  diacna- 
sion  of  the  Davenport  plots,  the  residues  system  has  probably  been  at  a  disad- 
vantage, thm  frequent  clover  failures.  On  the  North-Central  rotation,  where 
conditions  seem  to  have  been  more  favorable  for  clover,  there  is  very  little 
difference  between  the  effect  of  manure  and  of  residnea. 


B«8iduea  plowed  under 
Yield:    35.2  bushels  per  aci 
Fio.  3.— Wheat  on 


Residues  and  r         _       _ 
Yield:    50.1  bushels*  per' 
s  University  Sodth  Fabu  in  1911 


19$g'\  DsKai3  County  45 

In  the  rotation  system  in  which  limestone  is  being  applied,  no  benefit  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test,  however,  has  hardly  been  of  sufficient  duration  to  warrant  final  'con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  yield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  com  yields  produced 
under  different  systems  of  cropping.  Table  5  gives  a  general  summary  of  the 
com  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ** organic  manures."  The  highest  annual  acre-yields 
are  found  where  com  occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-jdelds  are  less;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  general 
f ami  management 

The  DeKalb  Field 

An  experiment  field  located  in  DeKalb  county  on  the  brown  silt  loam  type 
of  soil.  Just  south  of  the  city  of  DeKalb,  has  been  in  operation  since  1906.  This 
field  was  established  primarily  as  a  crops  experiment  field  where  the  investiga- 
tions relate  to  such  matters  as  methods  of  seeding,  cultivation,  care,  handling, 
and  tests  of  varieties  of  our  common  field  crops.  Incidentally,  however,  the 
effects  of  certain  soil  treatments  on  these  plots  are  compared.  It  is  the  present 
purpose  to  consider  only  those  results  that  have  to  do  directly  with  these  soil 
treatments.  The  results  of  the  strictly  crops  experiments  are  presented  from 
time  to  time  in  other  appropriate  bulletins. 

The  diagram  presented  as  Fig.  4  shows  the  arrangement  of  the  plots,  the 
system  of  numbering,  the  plan  of  soil  treatment,  and  the  cropping  systems 
employed. 

Arrangement  of  Plots, — The  plots  lie  in  four  series,  which  number  in  hun- 
dreds from  north  to  south.  Each  series  has  two  divisions,  an  east  and  a  west. 
Each  division  consists  of  18  plots.  These  plots  number  from  west  to  east  accord- 
ing to  the  system  indicated  in  the  diagram  on  the  100  series.  The  plots  of  the 
100  series  are  one-tenth  acre  in  size,  while  those  on  the  other  series  are  one- 
fifth  acre. 

Standard  Plots. — All  plots  corresponding  to  the  numbers  3,  6,  9,  10,  13,  and 
16  are  called  standard  plots;  that  is,  the  variety,  or  whatever  the  test  may  be 
aside  from  soil  treatment,  is  alike  on  all  of  these  six  plots  for  any  one  division. 

SoU  Treatment. — In  order  to  maintain  the  productiveness  of  the  field,  fer- 
tilizing materials  are  applied  and  definite  systems  of  crop  rotation  are  employed 
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Fig.  4. — Diagram  of  DeKalb  Experiment  Field,  Showing  the  Arrangement  of  Plots,  thk 

Systems  of  Cropping,  and  the  Treatments  Applied 
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as  explained  below,  the  crops  being  handled  so  as  to  exemplify  the  two  systems 
of  farming,  grain  and  live  stock.  The  plots  comprizing  the  west  half  of  each 
division  represent  grain  farming.  They  receive  no  farm  manure,  but  residues 
are  returned  to  the  soil.  On  the  east  half  of  ea6h  division,  live-stock  farming 
is  represented,  and  here  farm  manure  is  applied  in  proportion  to  the  crops 
produced.  Baw  rock  phosphate  is  applied  to  all  plots  except  the  soil  check 
plots  (Nob.  9  and  10). 

Sail  Check  Plots, — In  the  middle  of  every  division  two  plots  corresponding 
to  the  numbers  9  and  10  serve  as  check  plots  to  test  the  effect  of  the  phosphorus 
treatment.  Plot  9  receives  the  crop  residues  produced  and  Plot  10  receives  stable 
manure.    Neither  of  these  plots  receives  phosphate. 

Rotation  Systems. — The  west  half  of  the  field,  embracing  the  four  west 
divisions  of  all  four  series,  is  farmed  under  a  rotation  of  com,  com,  oats,  and 
alsike  clover.  The  east  divisions  of  the  series  are  in  a  rotation  of  com,  oats, 
wheat,  and  alsike  clover.    In  the  event  of  clover  failure  soybeans  are  substituted. 

Tables  6  and  7  show  the  yield  of  each  crop  since  the  beginning  of  the  ex- 
periments, and  Table  8  gives  a  summary  of  these  results,  exclusive  of  those 
obtained  in  the  beginning  before  full  treatment  was  under  way.  .Because  of 
certain  abnormalities  in  Plots  116  and  123  the  data  from  these  plots  are  excluded 
from  the  summary. 

In  looking  over  these  records  the  beneficial  effects  of  farm  manure  stand  out 
prominently,  thus  emphasizing  the  importance  of  carefully  conserving  and  regu- 
larly applying  all  available  animal  manures.  Perhaps  the  fact  next  in  interest 
to  be  noted  is  that  the  residues  plots,  with  phosphorus  applied,  have  returned 
yields  almost  as  high  as  those  from  the  manure  plots.  In  consideriilg  this  com- 
parison it  should  be  borne  in  mind  that  on  these  manure  plots  farm  manure 
has  been  applied  regularly  at  the  rate  of  about  9  tons  per  acre  every  rotation, 
a  practice  quite  impossible  to  carry  out  on  every  farm.  It  is  possible,  however, 
on  every  farm  to  sow  clover  and  to  return  to  the  land  the  unconsumed  crop 
residues,  and  this  is  the  recourse  for  the  farmer  who  cannot  obtain  animal 
manures  in  quantities  sufficient  to  meet  the  demand  of  the  land. 

The  profitable  use  of  rock  phosphate  has  been  thoroly  demonstrated  on  many 
farms  in  DeKalb  county  and  if  it  seems  surprising  on  first  view  that  this 
material  has  not  given  greater  returns  on  the  DeKalb  experiment  field  than  the 
records  show,  the  reader  should  take  into  full  account  the  conditions  involved 
as  explained  below. 

In  considering  the  results  for  rock  phosphate  on  the  DeKalb  field,  it  should 
be  explained  at  the  outset  that  the  soil  of  this  field  is  considerably  richer  in 
phosphorus  than  the  average  brown  silt  loam,  the  analysis  showing  over  1,600 
pounds  per  acre  of  this  element  in  the  surface  stratum.  A  study  of  the  sum- 
marized data  shows  some  gain  for  rock  phosphate  in  every  crop  excepting  the 
clover  seed  in  one  of  the  crop  rotation  systems.  In  general  these  gains  are 
more  pronounced  in  the  residues  system  than  where  applied  with  animal  manure, 
which  is  not  surprising  since  the  manure  itself  carries  back  to  the  land  a  large 
share  of  the  phosphorus  removed  in  the  grain. 

It  is  to  be  observed  further  that  phosphorus  has  been  more  effective  in  that 
rotation  system  which  includes  com,  oats,  wheat,  and  clover  than  in  the  one 
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Table  8.— DE  KALB  FIELD:    Summabt 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 

1909-1920 


Soil 
treatment 

Crop  rotation: 
com,  oats,  wheat,  clover 

Crop  rotation: 
com,  com,  oats,  clover 

applied 

Com       Oats*     Wheat*   Clover* 

Com       Cora       Oats     Clover* 

Residues,  phos 

Residues 

59.8        59.9        32.7        0.66 
51.3        59.4        26.9        0.77 

54.6        48.9        59.9        1.02 
49.0        46.3        57.5           .94 

Manure,  phos 

Manure 

61.7        62.4        34.7       (2.05) 
59.0        61  4        30.6       (1.74) 

59.0        50.9        63.2       (1.81) 
56.3        48.7        60.7       (1.61) 

^Average  of  14  crops,  oats  being  substituted  when  wheat  failed. 
'Average  of  10  crops,  oats  bein^  substituted  when  wheat  failed. 

*Soyb^n  hay  reckoned  as  equivalent  to  clover  hay;  soybean  seed  reckoned  at  Ht  the 
equivalent  of  clover  seed. 

consisting  of  com,  corn,  oats,  and  clover.  In  the  former  cropping  system  rock 
phosphate  has  returned  a  good  financial  profit  reckoned  at  the  prices  prevailing 
during  the  years  in  which  these  results  were  obtained.  In  the  latter  rotati<Hi 
system,  however,  in  which  wheat  does  not  appear,  the  gain  from  the  increases 
in  yield  due  to  phosphate  is  just  about  offset  by  the  expense  involved.  When 
considered  from  the  standpoint  of  permanent  fertility,  however,  the  fact  should 
not  be  overlooked  that,  in  either  system,  thru  the  phosphate  applications,  the 
soil  has  not  only  been  protected  from  loss  of  phosphorus  in  crops  removed,  but 
it  has  actually  been  enriched  in  this  element  by  the  excess  provided  in  the  liberal 
amount  of  phosphate  used. 

On  the  whole  these  results  are  of  interest  in  indicating  that  there  may  exist 
here  and  there  an  exceptional  spot  of  brown  silt  loam  which,  under  all  circum- 
stances, will  not  respond  in  the  usual  striking  manner  to  phosphorus  treatment 
In  such  an  instance  perhaps  the  more  economical  procedure  would  be  to  defer 
for  a  time  phosphorus  treatment  in  favor  of  more  urgent  needs  of  the  land 
without  ignoring  the  fact,  however,  that  the  time  will  inevitably  come  when 
the  supply  of  phosphorus  will  become  depleted  unless  timely  provision  be  made 
for  the  replenishment  of  this  element. 


YBLLOW-GRAY  SILT  LOAM 

Yellow-gray  silt  loam  exhibits  an  important  variation  with  respect  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  surface. 
Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by  different 
experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it  is  thought 
well  to  introduce  here  the  records  of  two  fields,  that  are  representative  of  the 
type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illinois  and 
one  in  the  southern  part  of  the  state. 

The  Antioch  field  is  located  on  the  late  Wisconsin  glaciation,  in  Lake  county, 
close  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but  a  single 
series  of  ten  plots,  under  a  rotation  of  corn,  com,  oats,  and  wheat;  but  beginning 
with  1911  the  rotation  has  been  wheat,  com,  oats,  and  clover.  It  was  started 
in  order  to  learn  as  quickly  as  possible  what  effect  would  be  produced  by  the 
addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used  singly 
and  in  combination.    These  elements  were  all  applied  in  conmiercial  form  until 
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1911,  after  which  the  use  of  commercial  nitrogen  was  discontinued  and  crop 
residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the  earlier 
years  in  800  pounds  of  dried  blood  per  acre.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  slaked  lime  was  applied ;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 

Table  9  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  promi- 
nently as  producing  consistently  beneficial  results.  Potassitim  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.    Also,  the 


Serial 

Corn 
8  crops 

Oats 
5  crops 

Wheat 
4crope 

Clover' 
3  crops 

23.9 
21  3 

32.3 

28.8 

15-8 
13.2 

2 

L 

1.26 

LR 

21,3 
30.7 
23.7 

29.9 
43.6 
27  8 

20.6 
36,7 
19  2 

1.45 

LP 

I  61 

5 

LK 

1.21 

LRP                                    .     . 

33.8 
24.3 
25,1 

43.3 
26.9 
38,2 

33,3 
20.8 
30,9 

1  13 

8 

LPK 
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38.3 
38.4 

42.6 

44.7 

28  0 
30  2 

1  00 

10 

RPK 

1-28 

■  Thwe  Aguree  represent  the  average 
eqaivalent  of  clover  hay. 

combined  yields 

Df  hay  and 

seed,  eitprcBsed  as  the 

Lime  applied  and 
residues  plowed  under 
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resoltH  are  anfavorable  for  the  application  of  limestone.  Limestone,  however, 
is  abundant  in  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  Illinoisan  glaciation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  oat  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  com,  oats,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  10. 

The  outstanding  feature  of  these  results  is  the  effect  of  limestone.  Altho 
manure  alone  produces  a  substantial  increase,  especially  in  the  com  crop,  when 


Fio.  6.— Corn  i 


Yield  r    15  buahds  per  a 
4  BAi.Eiaii  Field  in  1920 


Serial 

s^li 

Com 
Ilcrope 

Gate 
11  crops 

Wheat 
7cropfl 

9cropfl 

15.8 
27,6 
39:0 
40.0 

10.2 
12.  S 
19.6 
19  8 

6.2 
7.6 
21.7 

22,5 

(    55) 

4 

MLP 

(1,36) 

18.4 
19.4 
34  3 

36.7 
42,7 

10-0 
12.8 
21.2 

22.4 
23  0 

7,3 
8.8 
19,7 
22,4 
23,8 

R  .              

(  :i9) 

m 

9 

K.LPK 

.81 

■    10 

0 

20.2 

11  2 

6.9 

(.30) 

'  These  figurea  represent  the  average  combined  yielda  of  clover  and  ao/beans,  whether  h«y 
r  seed,  expr^aed  as  the  equivalnt  of  dover  haj. 
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limestone  is  added  a  remarkable  increase  is  found  in  all  crops.  A  most  im- 
portant fact  is  that  the  organic  matter  can  be  eflfectively  built  up  thru  the  use 
of  crop  residues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  under  this  ''grain  system"  of  farming  as  where  manure 
is  used. 

Phosphorus  thus  far  has  given  only  moderate  returns  in  increased  crop 
jdelds,  but  with  an  increasing  quantity  of  organic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  wiU  show  up  more  favorably  on  sub- 
sequent crops.  As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
increase  of  6  bushels  of  com  in  the  residues  system,  the  beneficial  effect  has  not 
been  sufficient  to  justify  the  use  of  this  material. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
stone ;  while  the  Raleigh  field  represents  the  lower  Illinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recommendation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  applying  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  under  the  discussion  of  limestone  on  pages  28  and 
29  of  the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
on  other  fields  located  on  this  same  type  of  soil.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  try  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is  not  far  off  when 
phosphorus  will  become  a  limiting  element  to  crop  production,  and  the  wise 
farmer  will  watch  carefully  the  indications  and  be  ready  to  make  timely  provision 
for  this  need. 

Deep  Peat 

As  representing  the  deep  peat  type  of  soil,  the  results  are  introduced  from 
an  experiment  field  conducted  at  Manito  in  Mason  county  during  the  years 
1902  to  1905  inclusive. 

There  were  ten  plots  receiving  the  treatments  indicated  in  Table  11. 

The  results  of  the  four  years'  tests,  as  given  in  Table  11,  are  in  complete 
harmony  with  the  information  furnished  by  the  chemical  composition  of  peat 
soil.  Where  potassium  was  applied,  the  yield  was  from  three  to  four  times  as 
large  as  where  nothing  was  applied.  Where  approximately  equal  money  values 
of  kainit  and  potassium  chlorid  were  applied,  slightly  greater  yields  were  ob- 
tained with  the  potassium  chlorid,  which,  however,  supplied  about  one-third  more 
potassium  than  the  kainit.  On  the  other  hand,  either  material  furnished  more 
potassium  than  was  required  by  the  crops  produced. 
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Table  11.— MANITO  FIELD:    Deep  Peat 
(}oni  Yields — ^Bushels 


Plot 
No. 

Soil  treatment 
for  1902 

Com 
1902 

Com 
1903 

Soil  treatment 
for  1904 

Cora 
1904 

Com 
1905 

Four 

OIOp8 

1 

None 

10.9 
10.4 

8.1 
10  4 

None 

17.0 
12.0 

12.0 
10.1 

48.0 

2 

None 

Limestone,  4000  lbs 

42.9 

3 

Kainit,  600  lbs 

30.4 
30.3 

31.2 

32.4 
33.3 

33.9 

/Limestone,  4000  lbs.. .  \ 

\Kainit^  1200  lbs / 

[Kainit,  1200  lbs \ 

\Steamed  bone,  395  lbs .  / 
Potassium  chlorid 
400  lbs 

49.6 
53.5 

48.5 

47.3 
47.6 

52.7 

150.7 

4 
5 

/Kftinit;  600  lbs \ 

\ Acidulated  bone,  350  lbs./ 
Potassium  chlorid, 
200  lbs 

164.7 
166.3 

6 

Sodium  chlorid,  700  lbs. . 

11.1 

13.1 

None 

24.0 

22.1 

70.3 

7 
8 

Sodium  chlorid,  700  lbs. . 
Kainit.  600  lbs 

13.3 
36.8 
26.4 

14.5 
37.7 
25.1 

Kainit,  1200  lbs 

Kainit,  600  lbs 

Kainit,  300  lbs 

44.5 
44.0 
41.5 

47.3 
46.0 
32.9 

i64]5 

9 

Kainit;3001bs.... ..;.. 

125.9 

10 

None 

14. 9» 

14.9 

None 

26.0 

13.6 

69  4 

^Estimated  from  1903;  no  yield  was  taken  in  1902  because  of  a  misunderstanding. 

The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no 
appreciable  increase  over  the  best  untreated  plots,  indicating  that  where  potas- 
sium is  itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 

Applications  of  2  tons  per  acre  of  ground  limestone  produced  no  increase 
in  the  com  crops,  either  when  applied  alone  or  in  combination  with  kainit,  either 
the  first  year  or  the  second. 

Beducing  the  application  of  kainit  from  600  to  300  pounds  for  each  two- 
year  period  reduced  the  yield  of  com  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  com  (grain  and  stalks). 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  betwe^i  the 
yield  of  Plot  9  (125.9  bushels)  and  the  yield  obtained  from  Plot  2  (42.9  bushels), 
the  poorest  untreated  plot. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vary  tremendously  in  their 
productive  i>owery  depending  upon  their  physical  condition,  their  chemical  com- 
position, and  their  biological  activities.  For  any  comprehensive  plan  of  soil 
improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 
lands,  a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 
first  essential.  It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 
soil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 
description  and  for  mapping.  With  the  information  that  such  a  survey  affords, 
every  farmer  or  land  owner  of  the  surveyed  area  has  at  hand  the  basis  for  a 
rational  system  of  improvement  of  his  land.  At  the  same  time  the  Experiment 
Station  is  furnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 
gently to  base  plans  for  those  fundamental  investigations  so  necessary  for  solving 
the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement.  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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OUMATE  AND  AOBIOXTLTUBAL  PRODUCTION 

Adams  county  is  the  most  westerly  county  in  Illinois,  The  south  boundary 
is  in  a  line  with  the  geographical  center  of  the  state  north  and  south ;  in  other 
words,  it  is  approximately  192  miles  from  the  south  line  of  Adams  county  to 
either  end  of  the  state.  The  county  measures  30  miles  north  and  south,  and  32 
miles  east  and  west,  embracing  an  area  of  about  850  square  miles. 

About  one-fifth  of  the  area  of  the  county  is  bottom  land,  the  major  portion 
of  which  is  included  in  the  low  lands  of  the  Mississippi  river.  The  upland  in 
Adams  county  is  occupied  in  larger  part  by  timber  soils  and  much  of  it  is  very 
rough  and  hilly.  These  hilly  areas  are  interspersed  by  expanses  of  the  more 
productive  prairie  soils. 

The  temperature  of  Adams  county  is  characterized  by  a  wide  range  between 
the  extremes  of  summer  and  winter.  The  longest  weather  record  in  the  county 
(which,  however,  covers  but  ten  years)  is  at  Quincy.  The  lowest  temperature 
for  this  time  was  —20'  in  1912  and  1918,  while  the  highest  was  108**  in  1918, 
making  for  1918  a  range  of  128  degrees,  the  greatest  range  for  the  ten  years. 

The  average  date  of  the  last  killing  frost  in  spring  is  April  15 ;  the  earliest 
in  fall,  October  17.    The  growing  season  therefore  is  about  185  days  long. 

The  average  annual  precipitation  at  Quincy  from  1912  to  1921  was  33.78 
inches.  The  average  precipitation  by  months  for  this  period  was  as  follows: 
January,  1.65  inches;  February,  1.31;  March,  2.34;  April,  3.46;  May,  4.90; 
June,  4.92 ;  July,  2.52 ;  August,  3.25 ;  September,  4.33 ;  October,  2.16 ;  Novem- 
ber, 1.73;  December,  1.28.  The  proportion  of  total  rainfall  occurring  during 
each  season  was :  winter,  12.5  percent ;  spring,  31.6  percent ;  summer,  31.6 
percent ;  autumn,  24.3  percent.  The  year  of  heaviest  rainfall  in  the  ten  years 
was  1915,  when  the  precipitation  was  48.17  inches;  the  driest  year  was  1912, 
when  the  rainfall  was  but  27.84  inches. 

About  26  percent  of  the  land  in  Adams  county  is  better  adapted  to  grazing 
than  to  the  growing  of  ordinary  tilled  crops.  In  1920,  the  census  reported  3,844 
farms,  these  farms  having  an  average  of  129.1  acres  each,  97.1  acres  of  which 
were  improved.  Of  these  farms,  38.6  percent  were  operated  by  tenants,  which 
was  a  decrease  in  tenantry  of  5  percent  in  the  last  ten  years. 

The  principal  crops  are  com,  oats,  wheat,  rye,  timothy,  and  clover.  The 
Fourteenth  Census  of  the  United  States  (1920)  reports  the  following  as  the 
acreage  and  yield  of  the  more  important  crops.  It  must  be  remembered  that 
these  figures  are  for  but  a  single  year— that  of  1919. 

*J.  G.  Mosier,  in  charge  of  soil  survey  mapping;  P.  W.  Wascher,  in  charge  of  field  party; 
W.  B.  Lieighty,  in  charge  of  soU  analysis;  H.  J.  Snider,  in  charge  of  experiment  fields;  L.  H. 
Smithy  in  charge  of  publications. 
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Crops  Acreage  Production 

Com 94,498     3,594,497  bu. 

OatB 45,498     1,403,422   " 

Wheat 75,525  • 1,244,029   ** 

Rye 5,242     49,381    " 

Soybeans 293     2,117   " 

Timothy 11,286     12,615  tons 

Timothy  and  clover  mixed 19,246     21,257    " 

Clover 7,882     7,822    " 

Alfalfa 790     1,817    " 

Silage  crops 1,697     12,809    " 

Com  for  forage 9,844     18,807    " 

The  acreage  of  pasture  is  not  given  by  the  Census,  but  from  other  data 
it  is  found  to  be  approximately  73,000. 

The  total  value  of  the  grains,  hay,  and  seeds  produced  in  1919  was  approxi- 
mately 211^  million  dollars. 

The  live-stock  interests,  including  those  of  dairying,  are  of  considerable 
importance,  as  shown  by  the  following  data  taken  from  the  Census  of  1920. 

Animals  and  animal  products        Number  Value 

Horses 17,741     11,471,053 

Mules 2,670     363,297 

Beef  cattle 23,947     1,341,454 

Dairy  cattle 15,853     983,385 

Sheep 13,611     148,229 

.      Swine 93,629     1,633,566 

Poultry 90,329     381,791 

Eggs  and  chickens 1,040,876 

Dairy  products 609,182 

Wool 68,534    lbs.  37,667 

Adams  county  is  one  of  the  great  fruit-producing  counties  of  the  state,  as 
shown  by  the  following  data: 

Small  fruU 

Strawberries 316,877  quarts 

Raspberries 112,482      " 

Blackberries  and  dewberries  20,969      " 

Orchard  fruit 

Apples 202,630  bushels 

Peaches 1,712      " 

Pears 13,734      " 

Cherries 5,463      " 

Grapes 140,626  pounds 

SOIL  FOBBIATION 

The  most  important  period  in  the  geological  history  of  the  county,  from  the 
standpoint  of  soil  formation,  was  the  Glacial  period,  during  which  the  material 
that  later  formed  the  soils  was  being  deposited.  At  that  time,  snow  and  ice  ac- 
cumulated in  the  region  of  Labrador,  west  of  Hudson  Bay,  and  in  the  Rocky 
Mountains  to  such  an  amount  that  the  mass  pushed  outward  from  these  centers, 
especially  southward,  until  a  point  was  reached  where  the  ice  melted  as  rapidly 
as  it  advanced.  As  the  ice  advanced  in  these  movements  it  buried  everything, 
even  the  highest  mountains,  in  its  path.  It  would  then  recede  slowly,  and  ap- 
parently normal  conditions  would  be  restored  for  a  long  period,  after  which 
another  advance  would  occur.  At  least  six  of  these  great  ice  movements  took 
place,  each  of  which  covered  part  of  northern  United  States,  altho  the  same  parts 
were  not  covered  every  time. 
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In  advancing  from  the  distant  northern  centers  of  accumulation,  the  ice 
gathered  up  all  sorts  and  sizes  of  material,  including  clay,  silt,  sand,  gravel, 
boulders,  and  even  large  masses  of  rock.  Some  of  these  materials  were  carried 
several  hundred  miles,  and  the  coarser  masses  rubbed  against  the  surface  rocks 
or  against  each  other  until  largely  ground  into  rock  powder,  which  now  consti- 
tutes much  of  the  soil.  When,  thru  the  melting  of  the  ice,  the  limit  of  advance 
was  reached,  the  material  carried  by  the  glacier  was  dropped,  accumulating  in  a 
broad,  undulating  ridge  or  moraine,  called  a  lateral  moraine  if  formed  at  the 
side  of  the  glacier,  and  a  terminal  moraine  if  formed  at  the  end.  If  the  ice 
melted  more  rapidly  than  the  glacier  advanced,  the  terminus  of  the  glacier  would 
recede,  and  the  material  would  be  deposited  somewhat  irregularly  over  the  land, 
back  of  the  moraines.  Such  a  formation  is  known  as  a  ground  moraine.  A 
glacier  often  would  advance  again,  but  not  so  far  as  before ;  or  it  would  remain 
stationary,  and  another  moraine  would  be  built  up.  These  moraines  or  ridges 
have  a  steep  outward  slope  and  a  very  gradual  inward  slope. 

A  pressure  of  forty  pounds  per  square  inch  is  exerted  by  a  mass  of  ice  one 
hundred  feet  thick,  and  these  ice  sheets  may  have  been  hundreds  or  even  thou- 
sands of  feet  in  thickness.  The  materials  carried  along  in  the  ice,  especially 
the  boulders  and  pebbles,  became  powerful  agents  for  grinding  and  wearing 
away  the  surface  over  which  the  ice  passed.  Preglacial  ridges  and  hills  were 
rubbed  down,  valleys  were  filled  with  the  debris,  and  the  surface  featiures  were 
changed  entirely.  The  mixture  of  materials  deposited  by  the  glacier  is  known  , 
as  boulder  clay,  till,  glacial  drift,  or  simply  drift. 

The  material  transported  and  deposited  by  a  glacier  varied  with  the 
character  of  the  rocks  over  which  it  passed.  Granites,  limestones,  sandstones, 
shales,  etc.,  were  encountered  by  the  glacier,  and  both  large  and  small  masses 
of  these  were  torn  from  their  resting  places  by  the  enormous  denuding  power 
of  the  ice;  they  moved  along  with  the  glacier,  were  ground  up  more  or  less 
together,  and  were  later  deposited  as  the  ice  melted. 

The  names  of  the  glaciers  that  had  some  part,  either  directly  or  indi- 
rectly, in  the  formation  of  the  soils  of  Illinois  are  as  follows:  (1)  The 
Nebraskan,  which  did  not  touch  Illinois.  (2)  The  Kansan,  which  covered 
parts  of  Hancock  and  Adams  counties.  The  Yarmouth  soil  was  developed 
from  the  surface  of  the  Kansan  glacial  material.  This  soil  was  entirely  cov- 
ered by  the  next  glacier.  (3)  The  Illinoisan,  which  covered  all  of  the  state 
except  the  northwest  comer  (practically  all  of  Jo  Daviess  county),  the  south- 
em  part  of  Calhoun  county,  and  the  seven  southernmost  counties.  The  Sanga- 
mon soil  was  formed  from  the  surface  of  the  Illinoisan  drift.  (4)  The  lowan, 
which-  covered  a  part  of  northern  Illinois.  The  area  covered  by  this  advance 
is  difficult  to  determine  because  of  the  later  glaciations.  At  about  the  close  of 
the  lowan  glacial  advance,  a  wind  deposit  known  as  loess  was  laid  down.  The 
surface  of  this  loess  was  formed  into  the  Peorian  soil,  which  was  nearly  all 
buried  by  the  early  Wisconsin  glaciation.  (5)  The  early  Wisconsin  glaciation, 
which  covered  the  northeastern  part  of  the  state  as  far  west  as  Peoria  and 
south  to  Shelbyville.  (6)  The  late  Wisconsin  glaciation,  which  extends  to  the 
west  line  of  McHenry  county  and  south  to  the  town  of  Milford  in  Iroquois 
county. 
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THE  GLACIATIONS  OP  ADABdS  COUNTY 

m 

Only  two  of  these  glacial  advances  reached  Adams  county.  The  first  was 
the  Kansan,  which  came  from  the  west  or  northwest,  crossed  the  Mississippi 
river,  and  probably  covered  all  except  the  southeast  part  of  the  county.  A 
long  period  elapsed,  the  glacier  melted,  and  a  new  soil  was  formed  from  the 
material  deposited.  Then  another  glacial  advance  occurred.  This  time  the 
glacier  (the  lUinoisan)  came  from  the  northeast  and  covered  the  entire  county, 
probably  crossing  the  Mississippi  river.  It  built  up  a  moraine  that  extends 
diagonally  across  the  county  from  southeast  to  northwest.  This  ridge,  which 
was  without  doubt  continuous  at  one  time,  has  been  divided  by  stream  action  into 
five  short  ridges  which  show  very  clearly  the  trend  of  the  moraine.  Another 
small  ridge  occurs  about  three  miles  east  of  the  river  at  Quincy.  Still  another 
short  moraine  is  found  near  Camp  Point. 

A  later  glacier,  the  lowan,  covered  the  northern  part  of  the  state,  but  did 
not  reach  Adams  county.  However,  when  it  melted,  large  quantities  of  rock 
flour,  or  ground-up  rock,  were  carried  south  and  deposited  on  the  flood  plains 
of  the  rivers.  Prom  these  flood  plains  the  wind  carried  it  on  to  the  upland 
adjoining,  making  deposits  varying  in  depth  from  5  to  50  feet  This  formation 
is  called  loess,  and  is*  made  up  largely  of  fine  sand  and  still  finer  material  (silt). 
The  loess  buried  an  old  soil  called  the  Sangamon  soil. 

The  thickness  of  the  glacial  drift  in  Adams  county  varies  from  a  few  feet  to 
165  feet,  but  the  average  depth  is  not  far  from  65  feet.  The  deeper  deposits  rep- 
resent an  old  pre-glacial  valley  which  was  filled  with  glacial  drift  or  in  which 
the  drift  was  piled  up  in  the  form  of  a  moraine.  The  deepest  deposit  found  is 
near  Coatsburg.  Here  a  black  soil  two  feet  thick  was  encountered  at  a  depth  of 
100  feet.  This  soil  represents  a  period  of  normal  conditions  between  glaciers, 
and  is  known  as  the  Yarmouth  soil,  formed  from  Kansan  drift. 

The  drift  deposited  by  the  Kansan  glacier  is  in  many  places  made  up  of 
a  gray  to  yellow  sand,  while  that  left  by  the  Ulinoisan  is  a  very  heavy,  compact 
clay  with  some  gravel,  usually  of  a  blue  color  where  the  iron  has  not  been 
oxidized.    Very  few  boulders  occur  in  the  drift  of  either  glacier. 

Altho  the  county  has  been  covered  by  glaciers,  the  glacial  drift  does  not  con- 
stitute any  large  part  of  the  material  from  which  the  soils  have  been  directly 
derived.  A  layer  of  wind-blown,  or  loessial,  material  that  varies  from  four  to 
twelve  feet  or  more  in  thickness,  constitutes  the  material  from  which  the  soil  has 
been  formed.  The  coarser  material  was  deposited  within  four  or  five  miles  from 
the  edge  of  the  bottom  land,  giving  the  soil  in  those  localities  a  fine  sandy  ap- 
pearance. Often  where  much  erosion  has  occurred,  the  loess  has  been  all  re- 
moved, in  which  case  the  soil  may  be  formed  from  glacial  drift,  but  this  occurs 
only  in  small  patches. 

PHYSIOGRAPHY  AND  DRAINAGE 

Adams  county  has  extremes  in  topography.  The  northeast  part  of  the 
county  has  large  areas  of  extremely  flat,  and  originally  poorly  drained  land. 
The  west  and  south  parts  have  extensive  areas  of  hilly,  abuost  untillable  land 
mixed  with  areas  of  undulating,  tillable  land. 

The  present  topography  is  largely  the  result  of  erosion,  glacial  dejKmtion 
being  of  secondary   influence.     Two   distinct   drainage  basins  occur  in   the 
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GOtmty — those  of  the  Mississippi  and  the  Illinois  rivers.  The  Mississippi  basin 
is  drained  by  Pigeon,  Mill,  and  Bear  creeks,  the  Illinois  basin  by  McKees  creek, 
and  the  northeast  part  of  the  county  by  tributaries  of  Crooked  creek. 

Following  are  the  altitudes  of  some  places  in  Adams  county :  Adams,  700 
feet;  Beverly,  856;  Blacks,  728;  Barton,  620;  Camp  Point,  740 ;  Chattan,  715; 
Chestlme,  740 ;  Clayton,  744 ;  Coatsburg,  769 ;  Columbus,  732 ;  Ewbanks,  733 ; 
Pair  Weather,  839 ;  Pall  Creek,  451 ;  Fowler,  733 ;  Golden,  717 ;  Kellerville, 
730;  La  Prairie,  707;  Lima,  620;  Loraine,  644;  Marblehead,  458;  Mendon, 
654;  Paloma,  743;  Payson,  726;  Quincy,  488;  Richfield,  735;  Ursa,  588; 
Woodville,  664. 

The  highest  point  in  the  county  is  on  the  moraine  in  Section  34,  southeast 
of  Beverly,  where  the  altitude  is  858  feet.  The  Camp  Point-Coatsburg  ridge  is 
750  to  780  feet  high;  the  ridge  at  Fowler,  700  to  750  feet.  Low  water  in  the 
MiasisBippi  river  at  Quincy  is  458  feet. 
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SOIL  TYPES 

About  one-fifth  of  Adams  county  is  bottom  land  and  four-fifths  upland. 
The  soils,  according  to  the  survey,  are  divided  into  the  following  groups : 

(a)  Upland  Prairie  Soils,  including  the  upland  soils  that  have  not  been 
covered  with  forests — ^at  least  for  any  great  length  of  time — and  on  which  the 
luxuriant  growth  of  prairie  grasses  has  produced  relatively  large  amounts  of 
organic  matter. 


Tablb  1. — Soil  Ttpbs  of  Adams  Countt,  Illinois 


SoU 


Name  of  type 


Area  in 

square 

miles 


Area 

in 
acres 


Percent 

of  total 

area 


(a)  Upland  Prairie  Soils  (200,  500,  800) 


226\ 

526/ 

2281 

528/ 

525.1 

871 


Brown  silt  loam 


Brown-gray  silt  loam  on  tight  clay. 

Black  silt  loam  on  clay 

Brown  fine  sandy  loam 


102.71 

24.18 

15.07 
20.80 


162.85 


65,734 

15,475 

9,645 
13,370 


104,224 


12.11 

2.85 

1.78 
2.46 


19.20 


(b)  Upland  Timber  Soils  (200,  500,  800) 


Yellow-gray  silt  loam 
Yellow  silt  loam 


Yellow-gray  fine  sandy  loam, 
Yellow  nne  sandy  loam 

Yellow  sandy  loam 


232.19 

181.13 

56.18 
30.78 

8.37 


508.65 


148,602 

115,923 

35,955 
19,699 

5.357 


325,536 


27.38 

21.36 

663 
3.63 

.99 


59.99 


(c)  Terrace  Soils  (1500) 


1526 
1560 
1528 
1534 
1536 
1564 


Brown  silt  loam 

Brown  sandy  loam 

Brown-gray  silt  loam  on  tight  clay. 

Yellow-gray  silt  loam 

Yellow-gray  silt  loam  over  gravel. . 
Yellow-gray  sandy  loam 


.18 
.77 
.20 
2.18 
.62 
.10 


4.05 


115 
493 
128 
1,395 
397 
64 


2,592 


.02 
.09 
.02 
.26 
.07 
.01 


.47 


(d)  Old  Bottom-Land  Soils  (1300) 

1328 

Brown-cray  silt  loam  on  ticrht  clav 

4.95 
60.88 

3,168 
38,963 

.58 

1354 

Mixed  loam  (small  stream  bottoms) 

7.18 

65.83 

42,131 

7.76 

(e)  Late  Swamp  and  Bottom-Land  Soils  (1400) 


1426 

1460 

1415 

1421 

1421 . 1 

1454 


Brown  silt  loam 

Brown  sandy  loam 

Drab  clay 

Drab  clay  loam 

Sandy  drab  clay  loam , 

Mixed  loam  (^lis8is8ippi  overflow) 


33.95 
6.54 
8.68 

15.96 
.30 

17.40 


82.83 


21,728 
4,186 
5,555 

10,215 
192 

11,136 


53.012 


4.00 
.77 

1.02 

1.88 
.04 

2.05 


9.76 


(f )  Residual  Soils  (000) 

099     Rock  outcrop .41                    262     |             .05 

Water 

23.63 

15,059 

2.77 

Total 

848.15 

542,816 

100.00 
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(b)  Upland  Timber  SoUs,  including  nearly  all  the  upland  areas  that  are 
now,  or  were  formerly,  covered  with  forests. 

(c)  Terrace  Soils,  including  bench  lands,  or  second  bottom  lands,  formed 
by  deposits  from  overloaded  streams;  and  gravel  outwash  plains,  formed  by 
broad  sheets  of  water  arising  from  the  melting  of  the  glaciers. 

(d)  Old  Bottom-Land  Soils,  including  the  low-lying  land  along  streams 
other  than  the  Mississippi  river  and  formed  of  older  materials  than  those  of 
the  late  bottom  lands. 

(e)  Late  Swamp  and  Bottom-Land  Soils,  including  the  bottom  lands  of 
the  Mississippi  river  and  representing  a  newer  formation  than  the  old  bottom 
lands. 

(f)  Residiuil,  including  rock-outcrop  areas. 

Table  1  gives  a  list  of  the  types  of  soil  found  in  Adams  county,  the  area 
of  each  type  in  square  miles  and  in  acres,  and  also  its  percentage  of  the  total 
area.  The  accompanying  map  shows  the  location  and  boundaries  of  each  type 
of  soil,  even  down  to  areas  of  a  few  acres. 

For  explanations  concerning  the  classification  of*  soils  and  the  interpreta- 
tion of  the  map  and  tables,  the  reader  is  referred  to  the  first  part  of  the 
Appendix. 

INVOICE  OF  PLANT  FOOD  IN  ADAMS  COUNT?  SOILS 

SOIL  ANALYSIS 

The  comi)Osition  reported  in  the  accompanying  tables  is,  for  the  more 
extensive  tyi)es,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable ;  but  for  general  purposes  the  average 
may  be  considered  sufiScient  to  characterize  the  soil  tyi)e. 

The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood 
that  the  rate  of  liberation,  as  explained  in  the  Appendix  (page  34),  is  governed 
by  many  factors. 

For  convenience  in  making  practical  application  of  the  chemical  analyses 
the  results  have  been  translated  from  the  percentage  basis  and  are  presented 
here  in  terms  of  x>ounds  per  acre.  In  this,  the  assumption  is  made  that  for  ordi- 
nary types,  a  stratum  of  dry  soil  6%  inches  thick  weighs  2,000,000  pounds.  It 
is  recognized  that  this  value  is  only  an  approximation,  but  it  is  believed  that  it 
will  suffice  for  the  purposes  intended.  It  is,  of  course,  a  simple  matter  to  con- 
vert these  figures  back  to  the  percentage  basis  in  case  one  desires  for  any 
purpose  to  consider  the  information  in  that  form. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (which  serves  as  a 
measure  of  the  organic  matter),  and  the  total  quantities  of  nitrogen,  phosphorus, 
sulfur,  potassium,  magnesium,  and  calcium  contained  in  2  million  pounds  of 
the  surface  soil  (the  plowed  soil  of  an  acre  about  6%  inches  deep)  of  each  type 
in  Adams  county. 
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Table  2. — ^Plant  Food  in  the  Soils  of  Adams  County,  Illinois:    Surface  Soil 
Average  pounds  per  acre  in  2  million  pounds  of  surface  soil  (about  0-6^  inches) 


SoU 


Soil  type 


Total 
organic 
carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 

cal- 

cium 


(a)  Upland  Prairie  Soils  (200,  500,  800) 

226\ 

Brown  silt  loam 

47  090 

35  720 

44  220 

36  610 

3  630 

3  170 

3  660 
3  080 

1  000 

860 

990 
1  020 

720 

710 

800 
530 

32  490 

31  700 

31  270 
35  090 

5  270 

3  450 

5  560 

6  520 

8  860 

526/ 
228\ 
528/ 

Brown-gray  silt  loam  on 
tieht  clay 

6  930 

525.1 
871 

Black  silt  loam  on  clay 

Brown  fine  sandy  loam 

9  310 
9  580 

(b)  Upland  Timber  Soils  (200,  500,  800) 


234\ 

534/ 

235\ 

535/ 

874 

875 

265\ 

565/ 


Yellow-gray  silt  loam 
Yellow  silt  loam 


Yellow-sray  fine  sandy  loam 
Yellow  fine  sandy  loam , 

Yellow  sandy  loam 


23  930 

2  220 

720 

470 

32  890 

5  160 

20  730 

1  900 

620 

430 

29  730 

4  790 

25  700 
15  920 

2  380 
1  500 

850 
600 

530 
340 

33  720 
29  600 

5  390 

6  600 

17  860 

1  600 

460 

600 

15  460 

2  640 

8  420 

4  550 

9  550 
7  800 

3  080 


(c)  Terrace  Soils  (1500) 


1526 

Brown  silt  loam 

38*920 
10  160 

16  780 
19  140 

18  140 
12  900 

3  360 
1  120 

1  960 

1  760 

2  140 
1  520 

1  040 
920 

800 
820 

860 
620 

500 
320 

500 
480 

440 
460 

32  160 
23  860 

29  120 
26  340 

33  580 
22  400 

5  080 

4  720 

5  020 

2  500 

5  060 

3  280 

10  740 

1560 

l^rown  sandy  loam .......... 

8  700 

1528 

Brown-gray  silt  loam  on 
tieht  clay 

9  300 

1534 
1536 

Yellow-gray  silt  loam 

Yellow-gray  silt  loam  over 
sraveT 

5  560 
9  900 

1564 

Yellow-gray  sandy  loam 

7  640 

(d)  Old  Bottom-Land  Soils  (1300) 

1328 

Brown-gray  silt  loam  on 
tieht  day 

35  960 
25  850 

3  480 
2  530 

1  220 
960 

760 
560 

28  380 
30  840 

6  700 
6  650 

10  880 

1354 

Mixed  loam 

10  550 

(e)  Late  Swamp  and  Bottom-Land  Soils  (1400) 


1426 

Brown  silt  loam 

26  890 
9  980 
36  410 
39  020 
53  740 
23  860 

2  230 

1  260 

3  240 
3  760 
5  060 

2  660 

1  050 
920 
1  320 
1  840 
1  040 
1  120 

550 
360 
710 
640 
1  060 
680 

32  980 
24  980 
32  170 
34  700 
29  720 
31  340 

3  990 

4  140 
8  630 

5  660 
8  900 
8  980 

9  550 

1460 

Brown  sandy  loam r , , 

7  340 

1415 

Drab  clay 

10  700 

1421 

Drab  clay  loam ..........  r , 

10  820 

1421.1 
1454 

Sandy  drab  clay  loam 

Mixed  loam 

12  240 
10  440 

LIMESTONE  AND  SOIL  ACIDITY.— In  connection  with  these  tabulated  data  it  should 
be  explained  that  the  figures  on  limestone  content  and  soil  acidity  are  omitted  not  because  of 
any  lack  of  importance  of  these  factors,  but  rather  because  of  the  peculiar  difficulty  of  pre- 
senting in  general  averages  adequate  information  concerning  the  limestone  requirement.  The 
limestone  requirement  for  soils  is  extremely  variable.  It  may  vary  from  farm  to  farm,  and 
even  from  field  to  field.  Therefore  no  attempt  is  made  to  include  in  these  tables  figures  pur- 
porting to  represent  for  the  various  types  the  limestone  content  or  the  soil  acidity  present. 
The  need  for  limestone  should  be  determined  on  every  farm  and  for  each  field  individually. 
Fortunately  this  can  be  easily  done  by  the  simple  tests  described  in  the  Appendix  to  this  re- 
port, pages  36  and  37. 

Because  of  the  extreme  variations  frequently  found  within  a  given  soil 
type  with  respect  to  the  presence  of  limestone  and  acidity,  no  attempt  is  made 
to  include  in  the  tabulated  results  figures  purporting  to  represent  the  average 
amounts  of  these  substances  present  in  the  respective  types.  Such  averages 
cannot  give  the  farmer  the  specific  information  he  needs  regarding  the  lime 
requirements  of  a  given  field.    Fortunately,  however,  very  simple  tests  which 
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'Pabub  3. — ^Plant  Food  in  thb  Soils  or  Adams  Countt,  Illinois:    Subsurfacb  Soil 
Average  pounds  per  acre  in  4  million  pounds  of  subsurface  soil  (about  6^-20  inches) 


SoU 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)  Upland  Prairie  Soils  (200,  500,  800) 


Brown  silt  loam 

Brown-gray  silt  loam  on 

tight  clay 

Black  silt  loam  on  clay. . 
Brown  fine  sandy  loam. . 


67  390 

42  460 
57  980 
67  700 


5  230 

3  480 

4  740 

5  300 


1  740 

1  360 
1  400 
1  960 


1  090 

920 
1  200 
1  020 


66  530 

64  380 
63  120 
71  620 


13  400 

12  780 
12  380 

14  280 


16  450 

15  800 

18  600 

19  100 


(b)  Upland  Timber  Soils  (200,  500,  800) 


234\ 

534/ 

236\ 

635/ 

874 

876 

266\ 

666/ 


YeHow-gray  silt  loam 
Yellow  silt  loam 


Yellow-Kray  fine  sandy  loam 
Yellow  fine  sandy  loam 

Yellow  sandy  loam 


23  210 

2  610 

1  350 

640 

67  150 

16  220 

14  520 

1  770 

1  000 

600 

54  270 

12  480 

38  620 
15  800 

3  600 
1  560 

1  500 
1  280 

820 
640 

69  820 
50  160 

14  440 
20  560 

21  680 

1  960 

880 

960 

30  320 

6  520 

15  400 

6  630 

17  860 
14  240 

6  720 


(c)  Terrace  Soils  (1500) 


1626 
1660 
1628 

1634 
1536 

1564 


Brown  silt  loam 

Brown  sandy  loam 

Brown-gray  silt  loam  on 

tight  clay , 

Yellow-gray  silt  loam 


!  49  280 


Yellow-ffray  silt  loam  over 
,vd. . 


Yellow-gray  sandy  loam , 


22  360 

26  400 
22  720 

15  520 

16  560 


4  160 

2  680 

3  280 
2  320 

2  640 
1  840 


1 
1 

1 
1 


680 
920 

600 
720 


1  640 
1  120 


1  120 
800 

840 
680 

640 
560 


65  600 
47  880 

59  360 
56  040 

71  120 
46  640 


14  000 
9  760 

9  360 
8  040 

13  120 
7  720 


20  920 

18  680 

19  040 

16  080 

17  600 
14  360 


(d)  Old  Bottom-Land  Soils  (1300) 

1328 

Brown-gray  silt  loam  on 
tieht  clav 

36  200 
40  840 

3  800 

4  230 

1  640 
1  840 

1  000 
960 

57  160 
61  320 

12  480 

13  350 

17  660 

1364 

Mixed  loam 

20  690 

(e)  Late  Swamp  and  Bottom-Land  Soils  (1400) 


1426 

Brown  silt  loam 

45  330 
17  480 
42  540 
49  280 
47  320 
33  480 

3  410 

2  240 

4  240 
4  720 
4  760 

3  000 

2  000 

1  840 

2  000 
2  800 
1  360 
1  480 

890 
920 
840 
960 
1  080 
800 

65  880 
49  520 
63  140 
67  080 
57  640 
57  280 

7  770 

8  400 

15  300 
13  800 

16  800 
15  720 

18  670 

1460 

Brown  sand v  loam 

15  440 

1415 

Drab  clay 

19  680 

1421 

Drab  clav  loam 

18  640 

1421.1 
1454 

Sandy  drab  clay  loam 

Mixed  loam 

27  680 
19  320 

LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


can  be  made  at  home  will  furnish  this  important  information,  and  these  tests 
are  described  on  pages  36  and  37  of  the  Appendix. 

Altho  the  variation  among  the  different  types  of  soil  of  Adams  county  with 
respect  to  the  quantity  of  the  plant  food  elements  is  not  so  extreme  as  is  found 
in  many  other  counties,  nevertheless  there  are  wide  fluctuations,  as  a  comparison 
of  the  figures  in  Table  2  will  show.  For  example,  it  may  be  noted  that  one  type 
of  soil  contains  4i/^  times  the  quantity  of  nitrogen  as  another  (compare  drab 
clay  loam  of  the  bottom  lands  with  brown  sandy  loam  of  the  terrace  soils). 
The  supply  of  phosphorus  in  the  surface  stratum  of  the  different  types  varies, 
as  it  happens,  in  practically  the  same  degree,  the  range  being  from  1,840  pounds 
per  acre  in  the  drab  clay  loam  to  460  pounds  in  yellow  sandy  loam.  A  sulfur 
content  of  340  i)ounds  per  acre  is  found  in  the  yellow  fine  sandy  loam,  while 
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Table  4. — ^Plant  Food  in  thb  Soils  of  Adams  Countt,  Illinois:    Subsoil 
Average  pounds  per  acre  in  6  million  pounds  of  subsoil  (about  20-40  inches) 


SoU 
type 
No. 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 

cal- 

ciimi 


(a)  Upland  Prairie  Soils  (200,  500,  800) 


226\ 
526/ 
2281 
528/ 

525.1 
871 


Brown  silt  loam 

Brown-gray  silt  loam  on 
tight  day 


Black  silt  loam  on  clay. 
Brown  fine  sandy  loam. 


33  330 

3  750 

2  400 

990 

96  000 

30  530 

29  550 

3  870 

2  220 

1  290 

91  470 

33  330 

38  940 
42  990 

3  600 

4  320 

2  040 
2  700 

930 
1  080 

89  010 
105  810 

37  260 
30  420 

29  700 


26  430 

29  850 
29  670 


(b)  Upland  Timber  Soils  (200,  500,  800) 


234\ 

534/ 

2351 

535/ 

874 

875 

265 

565 


} 


Yellow-gray  silt  loam 
Yellow  silt  loam 


Yellow-ffray  fine  sandy  loam 
Yellow  fine  sandy  loam 

Yellow  sandy  loam 


20  990 

2  760 

2  750 

690 

98  640 

35  380 

14  800 

2  220 

1  360 

1  320 

75  240 

20  320 

22  080 
19  200 

2  880 
1  860 

3  060 
1  260 

1  140 

600 

98  580 
64  560 

31  470 
33  120 

24  000 

2  940 

1  080 

900 

55  140 

14  880 

27  850 

9  060 

29  040 
24  240 

9  780 


(c)  Terrace  Soite  (1500) 


1526 
1560 
1528 

1534 
1536 

1564 


Brown  silt  loam 

Brown  sandy  loam 

Brown-gray  silt  loam  on 

tight  clay 

Yellow-gray  silt  loam 


Yellow-gray  silt  loam  over 
el. 


grave 
Yellow-gray  sandy  loam 


38  520 
16  380 

3  540 
2  280 

2  520 
2  580 

1  080 
78Q 

93  240 
70  320 

36  180 
13  800 

28  260 
17  760 

3  780 
2  280 

2  640 
2  880 

1  080 
780 

97  500 
82  440 

18  120 
23  520 

11  940 
15  600 

3  180 
1  980 

3  960 
1  800 

900 
600 

107  160 
70  440 

28  740 
15  780 

37  560 
27  360 

26  700 

25  440 

26  220 
22  320 


(d)  Old  Bottom-Land 

Soils  (1300) 

1328 

Brown-gray  silt  loam 
tieht  clay 

on 

12  720 
30  920 

2  640 

3  500 

1  800 
1  880 

780 
1  300 

85  440 
83  640 

21  840 
18  420 

29  940 

1354 

Mixed  loam 

27  020 

(e)  Late  Swamp  and  Bottom  Land-Soils  (1400) 


1426 

1460 

1415 

1421 

1421. 

1454 


Brown  silt  loam 

Brown  sandy  loam 

Drab  clay 

Drab  clay  loam 

Sandy  drab  clay  loam. 
Mixed  loam 


68  150 

5  540 

3  320 

1  240 

96  100 

13  200 

17  820 

2  280 

2  640 

1  020 

70  440 

12  120 

36  720 

4  050 

2  250 

1  020 

86  370 

24  630 

19  860 

3  660 

3  240 

1  140 

97  020 

13  080 

29  640 

3  660 

3  240 

1  140 

90  120 

23  160 

23  220 

2  880 

1  980 

900 

83  940 

22  920 

27  660 
21  360 
41  610 
30  480 
36  720 
27  900 


LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


in  the  sandy  drab  clay  loam  there  are  1,060  ponnds  of  this  element.  The 
magnesium  varies  in  the  different  types  from  2,500  to  8,980  pounds,  and  the 
calcium  content  ranges  from  620  to  12,240. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present 
in  very  limited  quantities  as  compared  with  crop  requirements.  Some  simple 
computations  are  of  interest  in  this  connection.  Assume,  for  example,  that  a 
four-field  crop  rotation  of  wheat,  com,  oats,  and  clover  yields  50  bushels  of 
wheat  per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4  tons  of  clover 
hay.  These  are  high  yields,  but  not  impossible,  for  they  are  sometimes  obtained. 
It  will  be  found  that  the  most  prevalent  soil  of  Adams  county,  the  yellow-gray 
silt  loam,  contains  only  enough  total  nitrogen  in  the  plowed  soil  for  the  produc- 
tion of  such  3delds  to  supply  about  four  rotations. 
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With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  this  soil 
containing  no  more  of  that  essential  element  than  would  be  required  for  about 
ten  crop  rotations  yielding  at  the  rates  suggested  above.  On  the  other  hand, 
the  amount  of  potassium  in  the  surface  layer  of  this  common  soil  type  is  sujffi- 
cient  for  more  than  25  centuries  if  only  the  grain  is  sold,  or  for  nearly  400 
years  if  the  total  crops  should  be  removed  from  the  land  and  nothing  returned. 

These  general  statements  relating  to  the  total  quantities  of  these  plant-food 
materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly 
emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  elements  of 
fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop  yields 
for  even  one  or  two  generations  of  i)eople. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  sub- 
surface jEtnd  the  subsoil  of  the  different  types.  It  should  be  remembered,  how- 
ever, that  these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.  These 
tables  also  show  great  stores  of  potassium  in  the  prevailing  types  of  soil  but  only 
limited  amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for 
the  corresponding  surface  samples. 


DESCRIPTION  OF  INDIVIDnAL  SOIL  TYPES 

(a)  UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  Adams  county  cover  an  area  of  162.85  square 
miles,  or  about  one-fifth  of  the  entire  area  of  the  county.  They  usually  occupy 
the  less  eroded  areas  of  the  upland.  They  are  black  or  dark  brown  in  color, 
owing  to  their  high  organic-matter  content.  This  land  in  its  virgin  condition 
was  covered  with  prairie  grasses,  the  partiaUy  decayed  roots  of  which  have 
been  the  principal  source  of  the  organic  matter.  The  flat,  poorly  drained  areas 
contain  the  greater  amounts  of  organic  matter,  owing  to  the  more  luxuriant 
growth  of  the  grasses  there  and  to  the  excessive  soil  moisture  which  provided 
conditions  better  adapted  for  the  preservation  of  their  roots. 

Brown  Silt  Loam  (226,  526) 

Brown  silt  loam  is  the  third  most  extensive  type  in  Adams  county.  It 
covers  an  area  of  102.71  square  miles,  or  12.11  percent  of  the  area  of  the  county. 
It  is  widely  distributed  over  the  county,  but  the  greatest  area  occurs  in  the  four 
northeast  townships. 

This  type  occupies  the  slightly  undulating  to  almost  flat  upland,  some  of 
which  may  at  one  time  have  been  overspread  for  a  short  period  by  timber  but  not 
sufficiently  long  to  have  produced  any  marked  change  in  the  character  of  the  soil. 
These  forests  consisted  largely  of  black  walnut,  wild  cherry,  hackberry,  ash,  hard 
maple,  and  elm.  A  black  walnut  soil  is  recognized  generally  by  farmers  as  being 
one  of  the  best  timber  soils  because  of  the  fact  that  it  still  contains  a  large  amount 
of  organic  matter,  characteristic  of  prairie  soils.  After  the  growth  of  several 
generations  of  trees,  the  organic  matter  generally  becomes  so  reduced  that  such  a 
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soil  would  be  classed  as  a  timber  type  instead  of  a  prairie  type.  In  the  south- 
ern and  western  parts  of  the  county,  the  brown  silt  loam  is  confined  to  the  divides 
that  have  not  been  dissected  to  any  extent  by  the  erosion  of  streams.  The  surface 
drainage  is  usually  good,  altho  in  a  few  cases  in  the  northeastern  part,  artificial 
drainage  is  very  desirable.  The  soil  was  formed  from  wind-blown  loessial  ma- 
terial which  covers  the  county  to  a  variable  depth,  usually  more  than  three  feet 

The  surface  sail,  0  to  6%  inches,  is  a  brown  silt  loam  varying  on  the  one 
hand  to  black  as  it  grades  into  black  silt  loam  on  clay  (525.1),  and  on  the  other 
hand  to  brownish  gray  or  grayish  yellow  as  it  grades  into  either  brown-gray 
silt  loam  on  tight  clay  (528)  or  yellow-gray  silt  loam  (534).  It  contains  a 
sufficient  amount  of  the  coarser  constituents  (coarse  silt  and  fine  sand)  to  make 
it  work  easily,  and  yet  enough  fine  silt  and  clay  to  give  it  stability  and  cause 
it  to  granulate  under  proper  conditions.  It  contains  from  60  to  70  i)ercent  of 
silt,  10  to  15  percent  of  clay,  and  from  15  to  40  percent  of  sand,  mostly  fine. 
The  organic-matter  content  varies  from  3.5  to  4.5  i)ercent,  with  an  average  of 
approximately  4.1  percent,  or  41  tons  per  acre.  There  is  less  organic  matter  in 
the  more  rolling  areas,  and  in  places  where  the  type  grades  into  the  timber  soil. 
In  the  poorly  drained  parts,  the  larger  moisture  content  encouraged. a  ranker 
growth  o|  grasses  and  at  the  same  time  furnished  more  favorable  conditions  for 
the  preservation  of  their  rootis. 

The  natural  subsurface  stratum  is  a  silt  loam  varying  in  thickness  from 
6  to  12  inches  and  in  color  from  a  dark  brown  to  a  yellowish  brown.  Both 
color  and  depth  vary  with  the  topography,  the  type  being  lighter  in  color  and 
shallower  on  the  more  rolling  areas.  The  same  effect  is  produced  where  the  type 
grades  into  the  timber  soil.  The  subsurface  as  sampled  (6%  to  20  inches)  con- 
tains about  2.9  percent  of  organic  matter,  or  58  tons  per  acre. 

The  natural  suhsoU  begins  at  a  depth  of  12  to  18  inches  beneath  the  sur- 
face. It  is  a  yellowish,  drabbish,  or  grayish  clayey  silt  or  silty  clay.  It  is 
somewhat  plastic  when  wet,  and  has  a  tendency  to  be  somewhat  compact  and 
more  impervious  than  in  most  other  areas  of  the  state  where  the  type  occurs. 
Because  of  this  condition,  drainage  does  not  take  place  so  readily  as  in  the  type 
generally. 

Management. — ^When  the  virgin  brown  silt  loam  was  first  cropped,  the  soil 
was  in  fine  tilth,  worked  easily,  and  large  crops  could  be  grown  with  much  less 
work  than  now.  Continuous  cropping,  however,  to  com  or  com  and  oats  with 
the  burning  of  com  stalks,  stubble,  grass,  and  in  many  cases  even  straw,  has 
destroyed  the  tilth  in  a  great  measure  and  now  the  soil  is  more  diflBcult  to  work, 
washes  badly,  runs  together,  and  bakes  more  readily.  Unless  the  moisture  con- 
ditions are  very  favorable,  the  ground  plows  up  cloddy  and  unless  well-dis- 
tributed rains  follow,  a  good  seed  bed  is  difficult  to  produce.  The  clods  may 
remain  all  season.  Much  plant  food  is  locked  up  in  them  and  thus  made  un- 
available, so  that  the  best  results  cannot  be  obtained.  This  condition  of  poor 
tilth  may  become  serious  if  the  present  methods  of  management  continue;  it 
is  already  one  of  the  factors  that  limits  crop  yields.  The  remedy  is  to  increase 
the  organic-matter  content  by  plowing  under  every  available  form  of  vegetable 
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material,  such  as  farm  manure,  com  stalks,  straw,  clover,  stubble,  and  even 
weeds. 

The  deficiency  of  organic  matter  in  the  soil  is  shown  by  the  way  the  fall- 
plowed  land  runs  together  during  the  winter.  Much  more  work  is  required  to 
produce  a  seed  bed  than  was  formerly  the  case.  The  result  is  that  com  is  fre- 
quently planted  in  poorly  prepared  seed  beds  and  as  a  consequence  it  ** fires" 
badly.  In  the  spring,  fall-plowed  land  should  be  disked  early  and  deeply  for  the 
purppse  of  conserving  moisture,  raising  the  temperature,  and  making  plant  food 
available. 

The  addition  of  fresh  organic  matter  is  not  only  of  great  value  in  improving 
the  physical  condition  of  this  type  of  soil,  but  it  is  of  even  greater  importance 
because  of  its  nitrogen  content  and  because  of  its  power,  as  it  decays,  to  lib- 
erate potassium  from  the  inexhaustible  supply  in  the  minerals  of  the  soil,  and 
phosphorus  from  the  phosphate  contained  in  or  applied  to  the  soiL 

For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  be  applied  liberally ;  and  sufficient  organic  matter  should  be  pro- 
vided to  furnish  the  necessary  amount  of  nitrogen.  On  much  of  the  type,  lime- 
stone is  already  deficient.  An  application  of  2  tons  of  limestone,  and  i^  ton  of 
finely  ground  rock  phosphate  per  acre  every  four  years,  with  the  return  to  the 
soil  of  all  manure  made  from  a  rotation,  will  maintain  the  fertility  of  this  type ; 
altho  heavier  applications  of  phosphate  may  well  be  made  during  the  first  two 
or  three  rotations,  and  the  first  application  of  limestone  may  well  be  4  tons  per 
acre.  If  grain  farming  is  practiced,  the  rotation  may  be  wheat,  com,  oats,  and  . 
clover,  with  an  extra  seeding  of  clover  (preferably  sweet  clover)  as  a  cover  crop 
in  the  wheat,  to  be  plowed  under  late  in  the  fall  or  in  the  following  spring  for 
com;  and  most  of  the  crop  residues,  including  the  clover  chafE  from  the  seed 
crops,  should  also  be  plowed  under.  In  live-stock  farming,  the  regular  rotation 
may  be  extended  to  five  or  six  years  by  seeding  both  timothy  and  clover  with 
the  oats,  and  pasturing  one  or  two  years.  Alsike  may  well  replace  red  clover 
at  times,  in  order  to  avoid  clover  sickness.  In  either  the  grain  or  the  live-stock 
system,  alfalfa  may  be  grown  on  a  fifth  field  and  moved  every  five  years,  the 
hay  being  fed  or  sold.  Sweet  clover  is  especially  valuable  on  this  type  of  soil 
because  of  its  deep  rooting  habit  and  the  effect  that  this  has  upon  underdrainage. 

For  other  suggestions  regarding  crop  rotation  systems,  see  page  42  of  the 
Appendix.  For  results  secured  in  field  experiments  on  brown  silt  loam,  see 
page  45  of  the  Supplement.  On  page  53  will  be  found  a  description  of  the 
experiment  field  located  at  Clayton  in  Adams  county  along  with  the  results 
obtained. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (228,  528) 

Brown-gray  silt  loam  on  tight  clay  is  somewhat  closely  associated  with 
brown  silt  loam  and  is  widely  distributed  thruout  the  county.  In  topography 
it  is  usually  fiat — so  much  so  that  surface  drainage  is  rather  difficult.  It  covers 
an  area  of  24.18  square  miles,  or  2.85  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  to  grayish  brown  silt  loam 
containing  a  perceptible  amount  of  fine  sand.     This  is  quite  evident  after  a 
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heavy  rain,  when  the  fine  sand  is  washed  out  on  to  the  surface.  The  organic- 
matter  content  is  approximately  3.1  percent,  or  31  tons  per  acre.  As  a  general 
rule,  this  stratum  does  not  contain  quite  so  much  clay  as  the  average  brown 
silt  loam  (526),  and  for  this  reason  it  is  somewhat  more  pulverulent. 

The  natural  subsurface  is  a  silt  loam  varying  in  thickness  from  6  to  12 
inches  and  in  color  from  brown  to  light  gray.  It  is  very  low  in  organic  matter. 
As  a  rule,  the  top  two  or  three  inches  of  the  subsurface  is  a  brown  silt  loam, 
while  the  lower  portion  of  this  stratum  is  gray.  A  considerable  amount  of 
coarse  silt  and  fine  sand  is  present.  When  dry,  the  stratum  is  decidedly  gray. 
It  is  rather  impervious  to  the  downward  movement  of  water,  and  so  acts  to  some 
extent  in  preventing  drainage.  The  subsurface  as  sampled  (6%  to  20  inches) 
contains  about  1.7  percent  of  organic  matter,  or  34  tons  per  acre. 

The  natural  subsoU  begins  at  a  depth  of  12  to  18  inches  beneath  the  surface 
of  the  ground.  It  consists  of  a  yellowish  or  brownish,  compact,  plastic, 
impervious  clay,  which  renders  drainage  extremely  diflScult.  As  a  rule,  this 
impervious  clay  ends  at  34  to  40  inches,  and  is  followed  by  a  yellow  or  grayish 
material  much  coarser  in  composition,  quite  friable,  and  not  very  plastic. 

Management. — Much  that  was  said  in  regard  to  the  management  of  brown 
silt  loam  applies  also  to  this  type,  especially  in  regard  to  organic  matter. 
Methods  should  be  undertaken  for  its  permanent  improvement.  Frequently 
a  farmer,  instead  of  making  improvement  of  a  run-down  soil,  attempts  to  find 
a  crop  that  will  grow  on  it  without  improvement.  As  a  result  crops  such  as 
timothy  are  grown ;  and  in  some  places,  altho  not  in  Adams  county,  redtop  has 
been  the  crop  of  last  resort.  This  is  poor  practice,  since  it  only  means  a  still 
further  depletion  of  plant  food. 

After  drainage,  the  first  requirement  in  the  improvement  of  this  soil  is 
limestone.  Two  to  three  tons  per  acre  should  be  applied ;  this  will  put  the  soil 
in  condition  for  the  growing  of  legumes.  The  importance  of  legumes  on  this 
type  of  soil  cannot  be  over-emphasized.  They  add  nitrogen  to  the  soil,  and  at 
the  same  time  furnish  a  very  valuable  form  of  organic  matter.  The  deep- 
rooting  legumes  open  up  the  subsoil  and  allow  better  drainage ;  for  this  purpose 
sweet  clover  is  especially  desirable.  All  available  organic  matter,  in  any  form, 
should  be  turned  back  into  the  soil.  A  half -ton  of  rock  phosphate  each  rotation 
is  very  desirable  as  a  means  of  building  up  the  phosphorus  content  in  which 
the  type  is  deficient. 

Black  Silt  Loam  on  Clay  (525.1) 

Black  silt  loam  on  clay  is  found  almost  exclusively  in  the  northeastern 
four  townships  of  the  county,  occurring  on  the  flat  and  poorly  drained  areas. 
The  type  covers  15.07  square  miles,  or  1.78  percent  of  the  total  area  of  the 
county. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  black  silt  loam  to  a  black 
clayey  silt  loam,  some  small  areas  even  passing  into  a  black  clay  loam.  The 
surface  stratum  contains  about  3.8  percent  of  organic  matter,  or  38  tons  per  acre. 

The  natural  subsurface  extends  to  a  depth  of  17  to  20  inches,  and  is  usually 
heavier  than  the  surface  soil    It  is  black  in  color,  becoming  lighter  with  increas- 
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ing  depth.     This  stratum  as  sampled  (6%  to  20  inches)   contains  about  2.5 
percent  of  organic  matter,  or  50  tons  per  acre. 

The  subsoil  varies  from  a  black  to  a  pale  yellow  day,  very  heavy  and  some- 
what impervious. 

Management — ^Altho  this  type  is  fairly  well  supplied  at  present  with  or- 
ganic matter  and  nitrogen,  it  is  very  desirable  that  these  materials  be  maintained 
or  even  increased.  This  is  especially  true  of  the  organic  matter,  which  is  neces- 
sary in  order  to  keep  the  soil  in  good  physical  condition  and  maintain  desirable 
working  conditions.  Crop  residues,  farm  manure,  and  legumes  should  be  turned 
under.  The  soil  is  becoming  acid,  and  it  will  therefore  be  necessary,  in  order 
to  provide  for  the  best  growth  of  legumes,  to  apply  about  2  tons  of  limestone 
per  acre.  A  very  desirable  form  of  legume  for  this  type  is  sweet  clover,  as  its 
deep-rooting  habit  opens  up  the  subsoil  and  thus  promotes  better  drainage. 

This  type  is  fairly  well  supplied  with  phosphorus,  yet  it  would  be  desirable 
to  begin  to  increase  the  content  of  this  element  by  applying  a  half  ton  of  finely 
ground  rock  phosphate  per  acre  about  once  every  four  or  five  years. 

Drainage  is  very  necessary.  As  a  rule,  farmers  have  the  impression  that 
this  type  will  not  tile-drain.  It  is  true  that  it  will  not  drain  so  well  as  brown 
silt  loam  (526)  and  many  other  types,  but  by  keeping  it  well  supplied  with 
limestone  and  growing  deep-rooting  legumes,  there  is  no  question  but  that  it 
may  be  tile-drained  satisfactorily. 

f 

Brown  Fine  Sandy  Loam  (871) 

Brown  fine  sandy  loam  occurs  as  irregular  patches  on  the  western  border 
of  the  upland,  being  confined  within  a  strip  about  five  miles  wide  along  the 
Mississippi  bluff  line.  The  material  from  which  it  was  made  is  derived  from  the 
bottom  land  of  the  Mississippi  and  has  been  carried  and  deposited  upon  the  bluff 
by  the  wind.  It  is  composed  largely  of  fine  sand  and  various  grades  of  silt.  The 
total  area  is  20.89  square  miles,  or  2.46  percent  of  the  area  of  the  county. 

2Tie  surface  soil,  0  to  6%  inches,  is  a  brown  fine  sandy  loam.  It  contains 
approximately  50  to  60  percent  of  fine  sand,  which  gives  it  excellent  working 
qualities  and  makes  it  well  adapted  for  retaining  moisture  and  moving  it  by 
capillarity.    The  organic-matter  content  is  about  3.2  percent,  or  32  tons  per  acre. 

The  natural  subsurface  of  this  tj'pe  corresponds  in  depth  to  the  standard 
sampling  depth  (6%  to  20  inches).  It  is  a  brown  to  yellowish  brown,  fine  sandy 
loam,  friable  and  pervious.    The  organic-matter  content  is  about  2.8  percent. 

The  subsoil  is  a  yellow,  friable,  pervious  silt,  containing  a  considerable 
percentage  of  fine  sand. 

Management, — This  type  is  only  fairly  well  supplied  with  the  elements  of 
plant  food.  It  contains  about  3,000  pounds  of  nitrogen  per  acre  in  the  surface 
soil,  and  1,000  pounds  of  phosphorus.  The  nitrogen  will  be  used  up  more 
rapidly  than  the  phosphorus  and  means  should  be  taken  to  maintain  or  even 
increase  the  supply.  Altho  good  crops  may  be  grown  in  favorable  years  with- 
out paying  much  attention  to  nitrogen,  yet  the  productiveness  of  the  type  may 
be  decidedly  increased  by  a  little  care  in  this  regard.  Farm  manure,  crop  resi- 
dues, and  legumes  are  the  means  by  which  this  element  may  be  maintained  or 
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increased,  and  the  organic  matter  derived  from  these  will  enable  the  farmer 
to  keep  the  soil  in  good  tilth.  There  is,  however,  some  acidity  in  the  soil  which 
always  interferes  with  the  growth  of  clover  and  alfalfa.  In  order  to  get  the 
best  results  with  legumes  it  is  desirable  even  now  that  2  or  3  tons  of  limestone 
per  acre  be  applied  and  applications  made  often  enough  afterward  to  keep  the 
soil  in  the  best  condition  for  growing  legumes.  The  phosphorus  content  is  some- 
what low,  and  may  well  be  increased  by  the  application  of  a  half-ton  of  rock 
phosphate  for  a  number  of  rotations.  Considered  from  the  physical  stand- 
point, there  are  very  few  soils  in  the  state  that  are  in  better  condition  than  this 
one ;  and  every  means  should  be  employed  to  keep  it  up  to  its  present  standard. 

(b)  UPLAND  TIMBER  SOILS 

The  upland  timber  soils  include  nearly  all  the  upland  areas  that  are  now, 
or  have  been,  covered  with  forests.  These  soils  contain  much  less  organic  matter 
than  those  of  the  prairie  and  hence  are  light  brown,  yellow,  or  gray  in  color. 
This  difference  is  caused  by  the  character  of  the  vegetation  that  once  covered 
them.  In  forests,  the  vegetable  material  (leaves  and  twigs  from  trees)  accmnu- 
lates  upon  the  surface  and  is  either  burned  or  suffers  almost  cdinplete  decay. 
Grasses,  which  furnish  large  amounts  of  humus-forming  roots,  do  not  grow  to 
any  extent  because  of  the  shade  of  the  trees.  Moreover,  the  organic  matter  that 
had  accumulated  in  the  soil  before  the  timber  began  growing  is  slowly  removed 
thru  various  decomposition  processes,  with  the  result  that  in  these  timber  soils 
generally  the  content  of  nitrogen  and  organic  matter  has  become  too  low  for  the 
best  growth  of  farm  crops. 

The  total  area  of  upland  timber  soils  in  Adams  county  is  508.65  square 
miles,  or  practically  60  percent  of  the  area  of  the  county. 

YeUow-Gray  Silt  Loam  (234,  534) 

The  yellow-gray  silt  loam  is  the  most  extensive  type  in  the  county,  covering 
an  area  of  232.19  square  miles,  or  27.38  percent  of  the  area  of  the  county.  It  has 
been  produced  primarily  by  the  long-continued  growth  of  forests,  which  as  a 
general  rule  developed  along  streams  and  slowly  spread  over  the  adjoining 
prairie.  It  varies  in  topography  from  flat  to  undulating  and  may  be  somewhat 
rolling  where  it  passes  into  the  eroded  yellow  silt  loam  (535). 

The  surface  soil,  0  to  6%  inches,  is  a  grayish  yellow  or  brownish  yeUow 
silt  loam  containing  from  20  to  35  percent  of  fine  sand.  It  varies  in  physical 
composition  to  some  extent,  with  the  amount  of  erosion  that  has  taken  place, 
but  in  general  it  is  quite  uniform  in  its  composition.  It  contains  approximately 
2  percent  of  organic  matter,  altho  the  amount  of  this  element  varies  from  about 
1  percent,  where  much  erosion  has  taken  place,  to  2.75  percent  as  it  passes  into 
the  brown  silt  loam  (-26). 

The  natural  subsurface  is  from  5  to  12  inches  thick  and  varies  from  a  gray 
to  a  yellowish  gray  silt  loam,  passing  into  a  clayey  material.  A  decided  change 
in  color  to  that  of  gray  usually  occurs  at  a  depth  of  8  to  10  inches  below  the 
surface  of  the  soil.  The  subsurface  as  sampled  (6%  to  20  inches)  contains 
approximately  1  percent  of  organic  matter,  or  20  tons  per  acre. 
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ITie  natural  subsoil  begins  at  a  depth  of  12  to  18  inches.  It  is  a  yellow, 
grayish  yellow,  or  brownish  yellow  clayey  silt  or  silty  clay  that  is  usually  rather 
plastic  when  moist. 

Management, — The  type  is  deficient  in  limestone,  and  low  in  organic  mat- 
ter, nitrogen,  and  phosphorus.  As  a  rule,  the  soil  is  acid.  The  first  require- 
ment in  its  improvement  is  the  correction  of  this  acidity  by  the  application  of 
2  to  4  tons  of  limestone  per  acre  so  that  legumes  may  be  grown  satisfactorily. 
After  this  initial  application,  limestone  should  be  applied  often  enough  and  in 
sufficient  quantities  to  keep  the  soil  in  good  condition  for  growing  legumes. 
The  condition  of  the  soil  with  respect  to  acidity  may  easily  be  determined  by 
making  one  of  the  tests  described  on  pages  36  and  37. 

The  organic-matter  and  nitrogen  contents  are  low,  and  since  nitrogen  is  one 
of  the  elements  contained  in  organic  matter,  any  management  that  increases 
the  organic-matter  content  will  also  increase  the  nitrogen.  Crop  residues,  farm 
manures,  and  legumes  should  be  turned  into  the  soil.  A  rotation  should  be 
adopted  that  will  provide  for  the  frequent  growing  of  legume  crops.  These 
should  be  largely  turned  under,  or  if  fed  the  manure  should  be  returned.  Catch 
crops  in  grain  may  be  used  to  advantage.  By  thus  ii;icreasing  the  organic  matter, 
the  soil  will  be  put  in  good  tilth  and  in  better  condition  to  resist  both  drouth 
and  excessive  rains.  The  legumes  that  are  grown  are  very  important  in 
another  way.  If  the  deep-rooting  varieties  are  used,  such  as  sweet  clover,  red 
clover,  and  alfalfa,  the  drainage  conditions  will  be  improved.  Also  the  amount 
of  run-off  will  be  decreased  because  more  water  is  absorbed  during  the  rains  and 
held  in  storage  to  serve  during  periods  of  drouth.  Timothy,  which  is  often 
grown  as  the  principal  crop  on  this  kind  of  land,  is  not  only  of  no  benefit  to  the 
soil,  but  is  actually  a  detriment.  It  would  be  much  better  to  grow  clover,  or  a 
mixture  of  clover  and  timothy. 

The  increase  of  the  phosphorus  content  is  very  necessary.  It  would  be 
well  to  apply  from  a  half -ton  to  a  ton  of  finely  ground  rock  phosphate  per  acre 
once  in  each  rotation  imtil  at  least  2  or  3  tons  per  acre  have  been  applied.  On 
the  more  rolling  parts  of  this  type,  washing  is  likely  to  occur,  and  here  especially 
the  organic-matter  content  should  be  increased  and  legumes  grown.  As  a  rule, 
the  type  does  not  require  underdrainage,  and  yet  there  may  be  cases  where  it 
would  be  well  to  lay  a  tile  in  the  draws  to  help  prevent  erosion. 

For  results  from  practical  field  experiments  on  yellow-gray  silt  loam,  see 
page  57  of  the  Supplement. 

Yellow  Silt  Loam  (235,  535) 

Yellow  silt  loam  is  very  generally  distributed  over  Adams  county.  It  occurs 
mostly  in  very  irregular  areas  as  the  broken  and  hilly  land  immediately  adjoin- 
ing the  stream  courses.  It  is  very  difficult  to  cultivate,  and  as  a  rule  should  be 
left  in  pasture.  It  is  the  second  most  extensive  type  in  the  county,  covering  a 
total  of  181.13  square  miles. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  or  brownish  yellow  silt  loam 
which  becomes  somewhat  gray  upon  drying  after  a  shower.  In  some  places 
erosion  has  exposed  the  j^ellow  clayey  subsoil.    The  stratum  contains  some  fine 
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sand.  The  organic-matter  content  is  low,  there  being  about  1.8  percent,  or  only 
18  tons  per  acre. 

The  natural  submrface  is  a  yellow  to  grayish  yellow  silt  loam,  varying  in 
thickness  from  4  to  10  inches.  This  variation  in  depth  is  largely  the  result  of 
erosion,  and  in  some  places  the  subsurface  may  be  made  up  of  the  same  material 
as  the  subsoil.  The  stratum  sampled  (6%  to  20  inches)  contains  about  .6  per- 
cent of  organic  matter,  or  12  tons  per  acre. 

The  natural  subsoil  is  sometimes  exposed  on  the  surface  in  small  patches 
where  erosion  has  taken  place,  but  it  usually  begins  at  a  depth  of  10  to  16  inches 
and  is  a  yellow  clayey  silt  or  silty  clay.  In  some  places  in  part  of  its  depth  it 
partakes  of  the  character  of  fine  sandy  loess,  while  in  other  places  the  subsoil 
to  a  depth  of  40  inches  may  be  made  up  of  glacial  till,  which  here  is  usually  a 
heavy  clay  with  some  sand  and  fine  gravel.  It  contains  about  .4  percent  of 
organic  matter. 

Management. — ^Altho  the  total  area  of  yellow  silt  loam  is  large,  making  up 
more  than  a  fifth  of  the  county,  it  is  of  little  importance  agriculturally  because 
most  of  it  is  so  hilly  as  to  render  its  cultivation  either  extremely  diflBcult  or 
else  impossible.  It  is  therefore  devoted  almost  entirely  to  pasture.  Some  areas 
might  be  cultivated  were  it  not  for  the  danger  of  loss  from  erosion.  Even  if 
the  land  is  cleared  and  put  under  cultivation,  its  life  under  the  ordinary  methods 
of  cultivation  is  only  a  few  years.  It  then  becomes  practically  unproductive. 
It  is  one  of  the  most  difficult  soils  in  the  state  to  manage. 

This  type  in  general  is  low  in  practically  all  the  elements  of  plant  food 
except  potassium.  It  is  also  decidedly  acid,  particularly  in  the  subsurface. 
With  present  methods  it  is  of  little  use  to  apply  plant  food,  because  it  would 
be  washed  away  in  a  short  time.  It  is,  however,  desirable  to  apply  limestone  at 
the  rate  of  3  or  4  tons  per  acre  in  order  to  furnish  the  best  conditions  for  the 
growing  of  legumes,  which  are  the  best  crops  for  preventing  erosion.  The 
amount  of  pasture  produced  on  this  hilly  land  may  be  greatly  increased  by 
the  application  of  limestone  and  the  growing  of  sweet  clover.  Sweet  clover  pro- 
vides a  large  amount  of  excellent  pasture  and  even  the  growth  of  blue  grass 
will  be  greatly  encouraged  by  the  nitrogen  that  is  furnished  by  the  sweet  clover. 
If  the  land  is  to  be  cultivated,  sweet  clover  will  add  organic  matter  and  will 
help  to  retain  the  soil.  Thru  the  penetration  of  its  roots  it  will  loosen  all  strata 
of  the  soil  so  that  much  more  water  will  be  absorbed,  thus  preventing  a'  large 
amount  of  run-oflf.  The  water  that  is  absorbed  into  the  soil  is  always  of  benefit, 
while  that  which  runs  off  is  always  detrimental.  All  gullies  that  start  in  the 
field  should  be  put  under  control  at  once.  Probably  the  best  way  to  do  this  is 
to  fill  them,  apply  limestone,  and  sow  to  sweet  clover.  A  surface  application  of 
manure  or  straw  may  be  necessary  in  order  to  prevent  erosion  until  the  sweet 
clover  gets  a  start.  (See  Bulletin  207,  Washing  of  Soils  and  Methods  of  Pre- 
vention) .  For  methods  of  improving  yellow  silt  loam,  see  the  discussion  of  the 
Vienna  experiment  field  on  page  60  of  the  Supplement. 

Yellow-Gray  Fine  Sandy  Loam  (874) 

Yellow-gray  fine  sandy  loam  is  found  only  in  the  deep  loess  area,  which  is 
.within  five  miles  of  the  Mississippi  bluff.     The  topography  is  undulating  to 
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slightly  rolling.    The  total  area  is  56.18  square  miles,  or  6.63  percent  of  the  area 
of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  light  brown  to  yellow  fine  sandy  loam 
containing  about  2.2  percent  of  organic  matter,  or  22  tons  per  acre. 

The  natural  subsurface  varies  from  4  to  10  inches  in  thickness  and  is  a 
yellow  to  a  light  brownish  yellow  fine  sandy  loam.  The  stratum  as  sampled 
(6%  to  20  inches)  contains  about  1.7  percent  of  organic  matter,  or  34  tons 
per  acre. 

The  subsoil  is  a  yellow  fine  sandy  silt,  friable  and  porous,  and  contains 
about  .6  percent  of  organic  matter. 

Management. — This  type  is  sufficiently  undulating  for  good  drainage.  It  is 
an  excellent  soil  in  its  texture,  but  it  is  somewhat  low  in  organic  matter,  nitrogen, 
and  phosphorus.  It  is  becoming  acid,  and  if  legumes  are  to  be  grown  satis- 
factorily limestone  must  be  applied  at  the  rate  of  2  to  3  tons  per  acre,  the 
applications  to  be  repeated  as  the  soil  requires.  The  growing  and  turning  under 
of  legumes,  together  with  the  farm  manure  and  crop  residues,  will  increase 
the  content  of  organic-matter  and  nitrogen  and  will  keep  the  soil  in  good 
physical  condition. 

It  will  soon  be  necessary  to  begin  the  application  of  phosphate,  and  this 
may  give  good  results  even  now.  Finely  ground  rock  phosphate  should  be 
applied  at  the  rate  of  a  half -ton  to  a  ton  per  acre  every  five  or  six  years  until 
the  amount  of  phosphorus  now  present  in  the  soil  is  almost  doubled. 

There  are  some  places  where  washing  will  take  place  to  an  injurious  extent 
unless  measures  are  taken  to  prevent  it.  This  can  be  largely  prevented  by 
growing  legumes,  by  incorporating  organic  matter,  and  by  keeping  a  cover 
crop  on  the  land  as  much  as  possible. 

Yellow  Fine  Sandy  Loam  (875) 

Yellow  fine  sandy  loam  occurs  in  the  deep  loess  area  and  along  the  stream 
courses.  There  is  not  so  much  eroded  land  in  the  sandy  area  along  the  streams 
in  the  western  part  of  the  county  as  is  found  in  the  more  silty  land  along  the 
streams  in  the  eastern  part.  This  is  due,  probably,  to  the  greater  porosity  of 
the  soil,  which  allows  it  to  absorb  moisture,  and  thus  diminishes  the  run-off.  The 
total  area  of  this  type  is  30.78  square  miles,  or  3.63  percent  of  the  area  of  the . 
county.  The  topography  is  hilly  and  in  many  places  very  steep.  This  land 
should  be  cultivated  only  with  the  greatest  care. 

The  surface  soil,  0  to  6%  inches,  is  a  yellow  to  light  brownish  yellow  fine 
sandy  loam  containing  about  1.4  percent  of  organic  matter,  or  14  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  yellow,  slightly  clayey  silt  con- 
taining about  .7  percent  of  organic  matter,  or  14  tons  per  acre. 

The  subsoil  is  a  yellow  clayey  silt  containing  .5  percent  of  organic  matter. 

Management, — The  first  requisite  in  the  improvement  of  this  type  is  the 
application  of  about  3  tons  of  limestone  per  acre.  This  soil  is  acid,  especially 
in  the  surface  and  subsurface,  and  the  limestone  is  necessary  in  order  to  correct 
the  acidity  and  put  the  soil  into  condition  for  growing  clovers.  The  content  of 
nitrogen  and  organic  matter  is  very  low,  and  crop  residues,  legumes,  and  farm 


20  Son.  Bkpqbt  No.  24  [Auguit, 

manure  should  be  turned  under  in  order  to  increase  these  constituents.  The 
total  nitrogen  content  of  the  plowed  soil  is  only  1,500  pounds  per  acre,  which 
is  entirely  too  low  for  profitable  crops.  It  would  be  well  to  grow  sweet  clover 
or  some  other  legume  crop  two  or  three  years  out  of  every  four.  Legumes  may 
be  grown  as  catch  crops,  even  when  the  regular  crop  is  grown.  Sweet  dovcr 
may  be  seeded  in  wheat  and  the  year's  growth  turned  under  for  com;  com 
may  be  followed  by  soybeans,  and  that  by  wheat.  Or  any  similar  rotation  may 
be  used  in  which  the  legume  is  grown  frequently. 

The  phosphorus  content  of  the  surface  soil  is  only  600  pounds  per  acre; 
this  should  be  augmented  as  rapidly  as  possible.  The  best  plan  is  to  apply  a 
half -ton  to  a  ton  of  finely  ground  rock  phosphate  per  acre  once  in  each  rotation. 

This  type  is  better  adapted  to  pasture  than  to  anything  else  because  of  the 
diflSculty  of  cultivation  and  of  preventing  washing.  The  suggestions  which 
were  made  under  yellow  silt  loam  (535)  for  preventing  washing  will  apply  here 
also.    See  Bulletin  207,  Washing  of  Soils  and  Methods  of  Prevention. 

Yellow  Sandy  Loam  (265,  565) 

Yellow  sandy  loam  occurs  in  eroded  areas.  There  is  a  region  in  the  southern 
part  of  the  county  in  Townships  2  and  3  South,  Ranges  6  and  7  West,  in  which 
the  deeper  subsoil  is  composed  of  sand.  Where  erosion  has  occurred,  especially 
on  the  slopes,  the  sand  is  exposed,  and  this  gives  rise  to  the  sandy  loam  type. 
The  sand  is  either  gray  or  bright  yellow  in  color.  The  type  covers  an  area  of 
8.37  square  miles,  or  .99  percent  of  the  total  area  of  the  county.  In  topography 
it  is  hilly  and  on  the  whole  is  very  poor  for  agricultural  purposes. 

The  surface  soil,  0  to  6%  inches,  is  a  ycUow  or  brownish  yellow  sandy 
loam  containing  about  1.5  percent  of  organic  matter,  or  15  tons  per  acre.  The 
sand  is  medium  in  grade  and  varies  widely  in  amount. 

The  subsurface  soU,  6%  to  20  inches,  is  a  light  brownish  yellow  to  grayish 
yellow  sandy  loam  containing  about  .9  percent  of  organic  matter. 

The  subsoil  is  a  reddish  to  grayish  sand,  usually  much  coarser  than  that  of 
the  surface.  Sometimes  this  stratum  contains  a  layer  of  grayish  clay  or  a  mix- 
ture of  clay  and  sand. 

Management. — The  topography  of  this  type  prevents  its  being  used  to  any 
extent  for  agricultural  purposes  other  than  pasturing.  Even  for  this  purpose 
it  may  be  improved  to  a  considerable  extent  by  applications  of  limestone  and 
rock  phosphate.  The  soil  is  somewhat  acid,  and  an  application  of  2  or  3  tons  of 
limestone  per  acre  should  be  made.  The  phosphorus  content  is  very  low,  being 
only  about  450  pounds  per  acre  in  the  plowed  soil,  and  in  the  subsurface  and 
subsoil  even  less.  Finely  ground  rock  phosphate  should  be  applied  in  amounts 
of  about  one-half  to  one  ton  per  acre  until  the  present  phosphorus  content  in 
the  surface  soil  is  well  built  up.  Acid  phosphate  may  be  used  satisfactorily. 
The  nitrogen  content  is  low,  amounting  only  to  about  1,600  pounds  per  acre. 
To  correct  this  condition,  legumes  should  be  grown  and  turned  under,  together 
with  crop  residues  and  farm  manure. 
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(c)  TERRACE  SOILS 

Terrace  soils  xisually  occur  along  streams.  They  were  formed  at  a  time 
when  the  streams,  owing  to  melting  glacier  ice,  were  much  larger  than  they  are 
at  present,  and  carried  large  amounts  of  coarse  material,  such  as  sand  and 
gravel.  Upon  any  decrease  in  their  velocity,  these  overloaded  streams  deposited 
debris  along  their  courses.  This  resulted  in  the  partial  filling  of  the  valley  and 
the  formation  of  what  are  now  the  terraces,  bench  lands,  or  second  bottom  lands. 
Finer  material  later  deposited  over  this  sand  and  gravel  forms  the  present  soil 
When  the  streams  become  reduced  to  their  normal  size  after  the  glacier  had 
melted,  they  began  cutting  down  thru  this  deposit,,  and  the  beds  of  the  streams 
are  now  so  low  that  the  terraces,  or  benches,  do  not  overflow. 

In  Adams  county,  as  a  rule,  the  deposit  of  gravel  or  sand  usually  found  in 
terraces  is  comparatively  thin.  It  may  be  covered  so  deep  by  fine  material 
(4  to  8  feet)  as  to  have  but  little  effect  on  drainage.  The  value  of  some  terrace 
soils,  however,  is  impaired  by  the  nearness  of  the  gravel  to  the  surface,  in  which 
case  the  soil  is  unable  to  resist  drouth.  This  difficulty,  however,  does  not  exist 
in  Adams  county.  The  total  area  of  terrace  lands  in  the  county  is  only  4.05 
square  miles,  or  .47  percent  of  the  area  of  the  county. 

Brown  Silt  Loam  (1526) 

The  terrace  brown  silt  loam  occupies  only  .18  square  miles,  or  115  acres. 
It  is  found  along  Mill  creek.    The  topography  is  slightly  undulating. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  differing  but  little, 
except  in  origin,  from  that  of  the  upland.  It  contains  about  3.4  percent  of 
organic  matter,  or  34  tons  per  acre. 

The  natural  subsurface  extends  from  a  depth  of  6%  to  about  17  inches.  It 
is  a  brown  silt  loam,  becoming  lighter  in  color  with  increasing  depth.  The 
stratum  sampled  (6%  to  20  inches)  contains  about  2.1  percent  of  organic  mat- 
ter, or  42  tons  per  acre. 

The  subsoil  varies  from  a  yellow  clayey  silt  to  a  yellow  silt.  It  is  friable 
and  i)orous,  and  contains  about  1.1  percent  of  organic  matter. 

Management. — This  type  is  practically  the  same  as  the  upland  brown  sUt 
loam  (226  and  526)  in  its  limestone,  organic-matter,  and  phosphorus  require- 
ments and  should  be  managed  in  essentially  the  same  manner. 

Brown  Sandy  Loam  (1560) 

The  terrace  brown  sandy  loam  occurs  in  the  Mississippi  bottoms  in  Town- 
ship 3  South,  Range  8  West,  and  comprizes  an  area  of  493  acres.  It  is  elevated 
from  20  to  25  feet  above  the  ordinary  bottom  land  of  the  Mississippi.  It  is 
slightly  undulating,  as  a  result  perhaps  of  wind  action. 

Tlie  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  containing  some 
coarse  sand  and  fine  gravel  The  organic-matter  content  is  about  .9  percent,  or 
only  9  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  brown  sandy  loam  containing 
coarse  sand  and  fine  gravel.  It  differs  from  the  surface  soil  in  that  it  has  slightly 
more  organic  matter   (a  content  of  1  percent).     This  condition  occasionally 


22  Soil  Befobt  No.  24  l^^^ff^, 

occurs  in  sandy  loams ;  there  is  a  donniward  leaching  of  plant  food  from  the 
surface  to  the  subsurface,  and  consequently  there  is  a  greater  accumulation 
of  plant  roots  in  the  subsurface. 

The  subsoil  is  coarser  than  the  subsurface  stratum,  containing  more  fine 
gravel.    It  is  of  a  yellowish  color. 

Management. — About  the  only  factor  to  be  considered  in  the  managemeat 
of  this  soil  for  the  present  is  the  need  of  organic  matter  and  nitrogen^  In  order 
to  supply  these  elements,  it  may  be  necessary  to  apply  limestone  so  that  legmnes 
may  be  grown  more  satisfactorily.  After  limestone  is  applied,  alfalfa  ought  to 
grow  well.  A  good  supply  of  organic  matter  will  tend  to  improve  this  soil  in 
its  power  to  retain  moisture  and  will  also  prevent  the  sand  particles  from  being 
so  readily  shifted  by  the  wind. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1528) 

Brown-gray  silt  loam  on  tight  clay  occurs  in  a  few  small  areas,  the  largest 
being  along  Mill  creek.  The  total  area  amounts  to  but  128  acres.  The  topog- 
raphy is  flat  to  slightly  undulating. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  or  grayish  brown  silt  loam 
containing  a  small  amount  of  sand.  The  organic-matter  content  is  about  1.5 
percent,  or  15  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  gray  to  yellowish  gray  silt  loam. 
It  contains  about  1.1  percent  of  organic  matter. 

The  subsoil,  20  to  40  inches,  varies  from  an  ordinary  gray  silt  to  a  clayey 
silt,  becoming  more  clayey  at  a  depth  of  36  to  38  inches.  The  subsoil  is  not 
so  compact  and  impervious  as  is  the  subsoil  of  the  same  typQ  as  it  occurs  m 
the  upland. 

Management. — This  type  in  general  is  fairly  well  drained,  but  it  is  low  in 
nearly  all  the  elements  of  plant  food.  It  therefore  needs  to  be  increased  in 
organic  matter  and  nitrogen^  and  for  this  purpose  crop  residues,  farm  manure, 
and  legumes  should  be  turned  under.  However,  before  the  best  results  can  be 
secured  with  clovers,  it  will  be  necessary  to  apply  2  to  3  tons  of  limestone  per 
acre.  Phosphorus  should  be  applied  at  the  rate  of  about  one-half  ton  of  finely 
ground  rock  phosphate  per  acre  every  four  or  five  years.  If  this  course  is  fol- 
lowed, a  system  will  be  established  which  in  a  few  years  will  result  in  the  grow- 
ing of  better  crops  and,  at  the  same  time,  will  put  the  soil  in  better  tilth. 

Yellow-Gray  Silt  Loam  (1534) 

Yellow-gray  silt  loam  is  found  along  Bear  and  Mill  creeks.  The  individual 
areas  are  not  large,  but  the  total  area  amounts  to  1,395  acres,  or  .26  percent  of 
the  area  of  the  county.    The  topography  is  flat  to  undulating. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  to  yellowish  gray  silt  loam  con- 
taining a  perceptible  amount  of  fine  sand.  It  contains  approximately  1.7  percent 
of  organic  matter. 

The  subsurface  soil,  6%  to  20  inches,  varies  from  a  gray  to  a  light  gray 
silt  loam.    It  contains  about  1  percent  of  organic  matter. 
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The  subsoil,  20  to  40  inches,  is  a  gray  silt,  changing  to  a  silty  clay  at  22  to 
24  inches. 

Management— The  first  requirement  in  the  improvement  of  this  soil  is  the 
application  of  2  to  4  tons  of  limestone  per  acre.  This  should  be  followed  by  the 
incorporation  of  crop  residues  and*bamyard  manure,  and  by  the  growing  of 
legumes.  The  legumes  should  not  be  removed  from  the  land  entirely,  but  should 
either  be  turned  under  or  the  manure  produced  from  them  should  be  saved  and 
applied  to  the  soil.  Legumes  are  especially  well  adapted  for  benefiting  this  soil 
because  of  the  fact  that  the  roots  will  open  up  the  subsoil  and  increase  the 
facilities  for  drainage.  Sweet  clover  is  more  desirable  than  any  other  legume 
except  perhaps  alfalfa.  After  a  good  crop  of  sweet  clover  has  been  grown, 
there  will  be  little  difficulty  in  getting  alfalfa  to  take  hold.  The  nitrogen  con- 
tent is  only  about  1,700  pounds  per  acre  in  the  plowed  soil,  which  is  too  low  for 
a  good  productive  soil,  but  the  growing  of  legumes  and  the  turning  under  of 
other  forms  of  organic  matter  will  soon  increase  the  nitrogen  content  sufficiently. 
It  would  be  well  to  apply  a  half -ton  of  rock  phosphate  per  acre  every  four  or 
five  years  for  a  number  of  rotations. 

Yellow-Gray  Silt  Loam  Over  Gravel  (1536) 

Yellow-gray  silt  loam  over  gravel  occurs  particularly  along  Mill  creek  in 
the  southern  part  of  the  county.  In  the  formation  of  this  type  sufficient  gravel 
has  been  deposited  to  furnish  satisfactory  drainage.  The  total  area  of  the  type 
is  only  397  acres. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  light  brown  to  a  yellow-gray 
silt  loam.    It  contains  about  1.6  percent  of  organic  matter,  or  16  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  gray  silt  loam  containing  about 
.6  percent  of  organic  matter,  or  12  tons  per  acre. 

The  subsoil  is  a  gray  silt. 

Management. — The  drainage  of  this  type  is  good.  In  other  respects  it  re- 
quires essentially  the  same  treatment  as  the  preceding  type  (1534). 

Yellow-Gray  Sandy  Loam  (1564) 

Only  one  area  of  yellow-gray  sandy  loam  is  found.  It  comprizes  but  64 
acres  and  is  located  in  Section  10,  Township  2  South,  Range  8  West,  along  Mill 
creek.  This  type  is  low  in  all  the  elements  of  fertility  and  organic  matter  and 
is  becoming  decidedly  acid.  Essentially  the  same  treatment  should  be  applied 
to  this  soil  as  that  recommended  for  yellow-gray  silt  loam  (1534). 

(d)  OLD  BOTTOM-LAND  SOILS 

The  bottom  lands  of  the  state  are  divided  into  the  old,  or  early-formed 
areas,  and  those  that  have  been  formed  more  recently.  As  a  rule,  the  more 
recently  formed  areas  have  the  best  soil.  This  is  especially  true  of  those  that 
are  located  in  the  bottom  lands  along  the  larger  streams.  Of  the  old  bottom- 
land soils,  Adams  county  has  65.83  square  miles,  classified  under  two  types: 
brown-gray  silt  loam  on  tight  clay  (1328),  and  mixed  loam  (1354). 


24  Soil  Bepobt  No.  24  [Augutt, 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1328) 

Brown-gray  silt  loam  on  tight  clay  is  found  in  the  bottom  lands  of  the 
Mississippi.  It  occupies  a  total  area  of  4.95  square  miles,  or  .58  percent  of  the 
area  of  the  county.    The  largest  amount  is  in  the  region  just  south  of  Lima  lake. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  or  grayish  brown  silt  loam 
containing  about  3.1  percent  of  organic  matter,  or  31  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  brown  silt  loam  changing  at  8  to 
10  inches  to  a  gray  silt  loam  that  is  somewhat  impervious.  It  contains  about 
1.6  percent  of  organic  matter. 

The  subsoU,  20  to  40  inches,  is  a  gray  silt  with  some  brown  iron  mottlings. 
It  contains  about  .4  percent  of  organic  matter.  A  heavy,  compact,  stratum  of 
clay  occurs  at  a  depth  of  about  36  inches. 

Management, — The  topography  of  this  type  is  flat.  It  is  therefore  neces- 
sary to  provide  some  form  of  drainage.  The  soil  is  of  such  a  character  that  it 
will  tile-drain  fairly  well  It  is  fairly  well  supplied  with  organic  matter  and 
nitrogen,  but  the  present  amounts  must  be  maintained  if  the  productiveness 
of  the  soil  is  to  be  continued.  The  type  is  becoming  acid  and  will  require  the 
application  of  about  2  to  3  tons  of  limestone  per  acre  in  order  to  put  it  in  the 
best  condition  for  growing  legumes.  Crop  residues  should  be  turned  under.  It 
will  probably  not  be  necessary  to  apply  phosphate  at  once,  but  a  few  years  of 
cropping,  especially  since  overflow  is  prevented  by  a  levee  so  that  there  can  be 
no  deposition  of  soil  material,  will  soon  make  the  application  of  phosphorus 
necessary. 

Mixed  Loam  (1354) 

Mixed  loam  occurs  along  the  small  streams  in  the  upland  as  narrow  strips 
of  bottom  land  which  rarely  exceed  100  rods  in  width.  They  are  subject  to 
frequent  overflow  but  the  water  does  not  stay  on  long.  Usually  a  large  amount 
of  sediment  is  carried,  which  is  deposited  to  a  greater  or  less  extent  over  the 
flood  plain.  New  channels  are  frequently  developed,  thus  giving  the  t3i)e  a 
slightly  undulating  topography.  The  soil  varies  widely,  and  for  this  i-eason  it 
is  impossible  to  separate  it  into  distinct  types  based  on  physical  composition. 
The  total  area  in  the  county  is  60.88  square  miles,  or  7.18  percent  of  the  area 
of  the  county. 

The  surface  soU,  0  to  6%  inches,  varies  from  a  sand  to  a  brown  silt  loam, 
or  even  to  a  brown  clayey  silt  loam.  The  next  flood  may  entirely  change  the 
character  of  the  soil,  and  it  is  therefore  impossible  to  make  a  satisfactory  classi- 
fication, even  on  a  very  large  scale.  The  organic-matter  content  of  the  sample 
taken  was  about  2.4  percent,  or  24  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  brown  mixed  loam,  varying  in 
about  the  same  way  as  the  surface  soil.  It  contains,  as  sampled,  about  1.8 
percent  of  organic  matter. 

The  subsoil,  20  to  40  inches,  varies  from  a  brown  or  yellowish  sand  to  a 
sandy  silt  loam.  The  subsoil  presents  as  great  or  even  greater  variations  than 
does  the  subsurface. 
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Management — The  type  in  general  is  kept  fairly  well  supplied  by  overflow 
with  the  elements  of  plant  food ;  about  the  only  requirement  that  n^  be  con- 
sidered is  good  cultivation. 

(e)  LATE  SWAMP  AND  BOTTOM-LAND  SOILS 

Six  types  of  soil  constitute  the  group  designated  as  the  late  swamp  and 
bottom  lands.  They  occupy,  all  told,  an  area  of  82.83  square  miles,  or  nearly 
10  i)ercent  of  the  area  of  the  county. 

Brown  Silt  Loam  (1426) 

The  brown  silt  loam  of  the  Mississippi  bottoms  (in  which  is  included  prac- 
tically all  of  this  tjve)  is  distributed  along  the  length  of  the  county  inside  of 
the  levee.  The  topography  is  flat  to  slightly  undulating.  The  total  area  in  the 
county  is  33.95  square  miles. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  light  brown  to  a  dark  brown 
silt  loam.  It  frequently  contains  some  fine  sand  that  has  been  derived  from  the 
wind-blown  material  washed  down  from  the  upland.  The  organic-matter  con- 
tent is  about  2.4  percent,  or  24  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  light  to  very  dark  brown  silt  loam 
containing  fine  sand.  It  has  an  organic-matter  content  of  1.9  percent,  or  38 
tons  per  acre. 

The  subsoil,  20  to  40  inches,  varies  from  a  yellow  to  a  brown  silt  loam,  often 
containing  more  organic  matter  than  either  of  the  other  strata.  This  is  due 
to  the  fact  that  material  has  been  deposited  upon  and  has  buried  an  old  soil  rich 
in  organic  matter.  This  condition  is  found  especially  when  the  type  occurs 
near  the  bluflf  or  near  a  stream  from  the  bluff. 

Management. — One  of  the  greatest  difficulties  in  the  management  of  this 
type  is  to  prevent  overflow.  Levees  have  been  built  along  the  Mississippi  and 
along  the  larger  streams  from  the  upland,  such  as  Bear,  Mill,  and  Rock  creeks. 
Even  at  the  best,  however,  a  levee  will  break  occasionally  and  cause  an  overflow. 
The  type  is  fairly  well  supplied  with  the  elements  of  plant  food;  and  as  long 
as  overflow  continued,  the  deposits  were  suflicient  to  replace  the  plant  food 
removed  by  cropping.  Since  this  source  of  plant  food  no  longer  exists,  it  may 
be  necessary  in  the  course  of  time  to  begin  the  application  of  plant-food 
materials.  The  organic-matter  content  is  not  very  high ;  and  with  its  constant 
removal  thru  decomposition,  steps  should  be  taken  looking  to  its  maintenance 
and  possibly  to  its  increase.  For  this  purpose,  crop  residues,  farm  manure,  and 
legumes  should  be. plowed  under.  This  will  increase  the  amount  of  organic 
matter,  and  so  improve  the  tilth,  and  will  increase  also  the  amount  of  nitrogen. 
The  phosphorus  content,  too,  is  rather  low,  and  the  application  of  that  element 
will  become  necessary  in  time.  By  applying  a  half-ton  of  finely  ground  rock 
phosphate  every  four  or  five  years,  the  phosphorus  supply  will  be  not  only 
maintained  but  actually  increased.  The  soil  is  becoming  very  low  in  limestone, 
and  acidity  is  developing.  Ground  limestone  should  be  applied  in  amounts  de- 
I)ending  upon  the  amount  of  acidity  present. 
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Brown  Sandy  Loam  (1460) 

Brown  sandy  loam  is  distributed  generally  thruout  the  Mississippi  bottom 
land.  It  covers  an  area  of  6.54  square  miles,  or  .77  percent  of  the  area  of  the 
county.    In  topography  it  is  flat  to  very  slightly  undulating. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  sandy  loam  with  varying 
amounts  of  sand  and  organic  matter,  the  latter  averaging  about  .9  percent,  or 
9  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  brown  sandy  loam  containing 
about  .8  percent  of  organic  matter. 

The  subsoil,' 20  to  40  inches,  is  a  slightly  loamy  yellow  sand,  mostly  medium 
in  grade. 

Management. — The  amount  of  sand  in  this  type  is  sufficient  to  keep  the 
soil  in  good  workable  condition.  The  organic-matter  content  is  very  low,  which 
means  also  a  low  nitrogen  content.  The  analyses  show  that  this  soil  contains 
only  about  1,200  pounds  of  nitrogen  per  acre  in  the  surface  stratum,  which  is 
far  too  low  for  a  good,  productive  soil  In  order  to  increase  the  content  of 
organic-matter  and  nitrogen  and  to  provide  better  phj^ical  conditions,  legmnes, 
farm  manure,  and  crop  residues  should  be  turned  under.  The  soil  is  becoming 
somewhat  acid,  and  it  may  be  necessary  to  apply  1  or  2  tons  of  crushed  limestone 
per  acre  in  order  to  get  best  results  with  clovers.  The  phosphorus  content  in 
the  plowed  soil  is  about  900  pounds  per  acre,  which  is  probably  sufficient  for 
producing  good  crops  on  a  soil  of  this  texture.  However,  there  is  no  question 
but  that  in  a  short  time  it  will  be  necessary  to  apply  phosphorus  in  some  form. 
Probably  the  most  economical  form  in  which  to  apply  it  is  that  of  finely  ground 
raw  rock  phosphate;  about  one-half  ton  per  acre  should  be  applied  in  each 
rotation  for  several  rotations. 

Drab  Clay  (1415) 

Drab  clay  is  well  distributed  in  the  Mississippi  bottoms,  usually  occurring 
some  distance  back  from  the  river.  It  has  been  formed  where  there  has  been 
very  little  current,  so  that  only  the  finest  material  has  been  carried  in  and 
deposited.  The  topography  is  flat.  The  formation  taking  place  at  present  in 
Lima  lake  probably  represents  the  method  of  formation  of  this  type,  altho  such 
extensive  lakes  probably  did  not  exist  at  the  time  this  particular  type  was  being 
formed.  The  total  area  of  drab  clay  in  the  county  is  8.68  square  miles,  or  1.02 
percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  dark  brown  to  light  drab  clay.  It 
varies  in  physical  composition,  especially  in  the  amount  of  sand  present.  Where 
this  sand  occurs  in  areas  of  sufficient  size,  it  is  mapped  as  sandy  drab  clay 
loam.  The  surface  soil  contains  3.1  percent  of  organic  matter,  or  31  tons 
per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  drab  clay,  becoming  slightly 
lighter  in  color  with  increasing  depth.  It  varies  in  somewhat  the  same  way  as 
does  the  surface.  It  contains  about  1.8  percent  of  organic  matter,  or  36  tons 
per  acre. 


19tM]  Adams  CkyuNrr  27 

The  subsoil,  20  to  40  inches,  is  a  drab  clay.  It  contains  about  1  percent 
of  organic  matter. 

Management. — The  great  difficulty  in  the  management  of  this  type  is  found 
in  its  tendency  to  form  clods,  as  a  result  of  puddling.  Fortunately,  however, 
it  possesses  the  property  of  granulation,  without  which  cultivation  would  be 
practically  impossible.  Frequently  when  the  land  is  plowed,  it  is  cloddy,  and 
a  shower  followed  by  drying  will  develop  granulat^ion,  or  the  formation  of 
crumbs,  or,  as  it  is  frequently  expressed,  the  soil  ** slakes.*'  If  the  soil  is  worked 
at  this  time,  it  becomes  mellow  and  is  easily  put  into  fine  condition.  The  pres- 
ence of  limestone  and  organic  matter  aid  in  the  process  of  granulation.  A  suffi- 
cient supply  of  these  materials  should  be  maintained  for  that  purpose,  as  well 
as  for  their  other  beneficial  effects.  To  furnish  the  requisite  organic  matter, 
crop  residues  and  legumes  should  be  turned  under.  This  soil  is  fairly  well  sup- 
plied with  the  elements  of  plant  food,  altho  the  amount  of  nitrogen  could  well 
be  increased.  It  is  desirable  that  thoro  cultivation  be  practiced  in  order  to 
stimulate  the  process  of  nitrification,  or  the  formation  of  available  nitrates  for 
the  crop.  Another  essential  factor  calling  for  consideration  in  the  management 
of  this  type  is  drainage.  As  a  rule,  this  type  in  Adams  county  drains  well, 
the  only  great  difficulty  being  the  securing  of  an  outlet.  Thru  the  process  of 
checking  or  cracking,  passage  ways  are  developed  in  the  soil  which  permit  the 
ready  movement  of  water.  It  would,  however,  be  beneficial  to  the  soil  if  deep- 
rooting  legumes  were  grown.  These  would  not  only  give  a  larger  supply  of 
nitrogen  but  would  also  open  up  the  soil  to  a  greater  depth.  The  soil  is  becoming 
somewhat  acid,  and  it  may  be  necessary  to  apply  1  or  2  tons  of  limestone  per  acre 
in  order  to  secure  best  results  with  legumes. 

Drab  Clay  Loam  (1421) 
Drab  clay  loam  is  rather  closely  associated  with  drab  clay  and  often  grades 
into  that  type.    It  embraces  15.96  square  miles  or  1.88  percent  of  the  total  area 
of  the  county.    Its  origin  is  practically  the  same  as  that  of  the  preceding  type. 

The  surface  soil,  0  to  6%  inches,  is  a  light  brown  to  a  drab  clay  loam,  vary- 
ing toward  a  sandy  phase  on  the  one  hand  and  toward  a  drab  clay  on  the  other. 
It  contains  about  3.3  percent  of  organic  matter,  or  33  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  a  brown  to  drab  heavy  clay  loam. 
It  contains  approximately  2.1  percent  of  organic  matter,  or  42  tons  per  acre. 

The  subsoil,  20  to  40  inches,  varies  in  color  from  light  to  .dark  drab  and  in 
texture  from  a  clayey  silt  to  a  silty  clay. 

Management — This  type  is  a  little  better  provided  with  nitrogen  and 
phosphorus  than  the  drab  clay,  but  its  management  should  be  about  the  same 
as  for  that  type.  It  is  becoming  acid  and  in  a  few  years,  if  not  at  the  present 
time,  the  application  of  a  ton  or  two  of  limestone  per  acre  will  be  necessary 
in  order  to  get  the  best  results  with  legumes.  This  is  especially  true  since  the 
building  of  the  levees,  which  have  largely  prevented  overflow.  Good  cultivation 
is  essential  for  this  type  also.  The  property  of  granulation  is  very  desirable 
and  should  be  encouraged  by  good  drainage  and  the  supplying  of  limestone  and 
organic  matter. 
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Sandy  Drab  Clay  Loam  (1421.1) 

Sandy  drab  clay  loam  occurs  in  a  few  small  areas  in  different  parts  of  the 
Mississippi  bottom  land.  The  total  area  covered  is  192  acres.  It  passes  into 
drab  clay  loam  (1421). 

The  surface  soil,  0  to  6%  inches,  is  a  dark  drab  sandy  clay  loam  containing 
about  4.6  percent  of  organic  matter,  or  46  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  is  also  a  dark  drab  sandy  day  loam 
with  the  sand  distributed  somewhat  in  strata,  indicating  perhaps  the  effect  of 
different  periods  of  overflow.  This  subsurface  stratum  contains  about  2  percent 
of  organic  matter. 

The  subsoil  is  very  similar  in  character  to  the  subsurface. 

Management, — The  management  as  discussed  for  the  two  preceding  types 
will  apply  here  also. 

Mixed  Loam  (1454) 

Mixed  loam  is  found  in  the  Mississippi  bottoms  and  comprizes  the  area 
outside  of  the  levee.  It  is  of  very  little  importance  agriculturally,  except  on 
part  of  Long  island,  which  is  under  cultivation.  There  is  always  danger  of  over- 
flow, and  whenever  this  occurs  changes  are  produced  in  the  character  of  the  soiL 
At  one  time  the  soil  deposited  may  be  a  heavy  clay,  while  at  other  times  in  the 
same  region  it  may  be  almost  pure  sand.  The  total  area  of  this  type  is  17.40 
square  miles,  or  2.05  percent  of  the  area  of  the  county. 

The  type  is  usually  well  supplied  with  plant  food.  Altho  it  is  not  very 
high  in  food  elements,  yet  the  deposit  of  new  material  from  overflow  is  sufficient 
to  maintain  the  supply  of  plant  food  indefinitely. 
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EXPLANATIONS  FOB  INTEBPRETINa  THE  SOIL  SUBVET 

CLASSIFICATION  OF  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.  Without  going  far  into  details  the  following  paragraphs  are  intended  to 
furnish  a  brief,  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  coUuvial;  (2)  the  topography;  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  prairie  grasses  or  forest;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel, 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness ;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Chreat  Sail  Areas  in  Illinais. — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  seventeen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

000    Besidual,  soils  formed  in  place  thru  disintegration  of  rocks,  and  also  rock  outcrop 

100    Unglaeiated,  comprizing  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    IlUnaisan  moraines,  induding  the  moraines  of  the  lUinoisan  gladations 

300    Lower  Illinoisan  glaoiation,  covering  nearly  the  south  third  of  the  state 

400    Middle  Illinoisan  glaoiation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Illinoisan  glaoiation,  covering  about  fourteen  counties  northwest  of  the  middle 

lUinoisan  gladation 
600    Pre-Iowan  glaoiation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    lofoan  glaoiation,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wtsoonsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000    Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100    Early  Wisconsin  glaoiation,  covering  the  greater  part  of  the  northeast  quarter  of  the 

state 
1200    Late  Wisconsin  glaoiation,  lying  in  the  northeast  comer  of  the  state 
1300    Old  river-bottom  and  swamp  lands,  found  in  the  older  or  Illinoisan  glaciation 
1400    Late  river-hottom  and  swamp  lands,  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  bench  or  second  bottom  lands,  and  gravel  outwash  plains 
1600    Laottstrine  deposits,  formed  by  Lake  Chicago,  the  enlarged  glacial  Lake  Michigan 
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Mechanicdl  Composition  of  Soils. — The  mechanical  composition,  or  the  tex- 
tore,  is  a  most  important  feature  in  characterizing  a  soil.  The  texture  depends 
upon  the  relative  proportions  of  the  following  physical  constituents : 

Organic  matter:   undecompofled  and  partiaUy  decayed  vegetable  material 
Inorganic  matter:   clay,  silt,  fine  sand,  sand,  gravel,  stones 

Classes  of  Soils. — ^Based  upon  the  relative  proportion  of  the  various  con- 
stituents mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below : 

Index  Number  Limits  Class  Names 

0  to    9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 aays 

20  to  24 Clay  loams 

25  to  49 SUt  loams 

50  to  59 Loams 

60  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 GraveUy  loams 

95  to  97 Gravels 

98 Stony  loams 

99 Bock  outcrop 

Naming  and  Numbering  SoU  Types. — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  "is  the  color. 
Therefore,  in  the  naming  of  soUs  in  Illinois,  a  combination  of  color  and  texture, 
together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  given  soil  type;  as  for 
example,  "gray  silt  loam  on  tight  day,'*  or  ''brown  silt  loam  over  gravel*' 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certam 
substrata.  When  the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches ;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
somewhat  the  Dewey  library  system,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  with 
000,  the  residual,  followed  by  100,  the  unglaciated,  and  the  rest  of  the  series  in 
the  order  of  the  enumeration  presented  in  the  paragraph  above  headed  Oreat  SoU 
Areas  in  Illinois.  The  digits  of  the  orders  of  units  and  tens  represent  the  various 
kinds  of  soil  such  as  are  enumerated  above  in  the  list  of  soil  classes.  Certam 
modifications  are  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
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is  found  less  than  30  inches  below  the  surface.  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
colors. 

A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  type  numbers  and  the  area  covered  by  each  type,  will  be  found 
in  the  respective  county  soil  reports. 

SOIL  SURVEY  METHODS 

Mapping  tJte  SoU  Types. — In  conducting  the  soil  survey,  the  county  consti- 
tutes the  unit  of  working  area.  In  order  that  the  survey  be  thoroly  trustworthy 
it  is  necessary  that  careful,  well-trained  men  be  employed  to  do  the  mapping. 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
tv70  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
np  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendently on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map-, 
ping.  The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  official 
data  of  the.  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  town  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  thereon.     The  dif- 
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ferent  types  are  indicated  on  the  map  by  different  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
a  speedometer  or  by  some  other  measuring  device,  while  distances  in  the  field 
away  from  the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become 
expert  by  practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a  degree 
of  accuracy  as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  Analysis, — After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  different  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled ;  namely, 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subuiil 
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(20  to  40  inches).  These  strata  correspond  approximately,  in  the  ccmimon  kmdB 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to 
two  times  and  three  times  this  quantity  in  the  subsurface  and  the  sabeoil, 
respectively.  This  is,  of  course,  a  purely  arbitrary  division,  very  useful  in 
arriving  at  a  knowledge  of  the  quantity  and  the  distribution  of  plant  food  in  the 
soil,  but  it  should  be  noted  that  these  strata  do  not  necessarily  coincide  with  the 
natural  strata  as  they  actually  exist  in  the  soil,  and  which  are  referred  to  in 
describing  the  soil  types. 

By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  ordinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended' upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  A  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  maintained 
at  a  high  point,  then  the  strong  vigorous  plants  will  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PBINOIPLES  OF  son.  FEBTIUTT 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field ;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  lUi- 
nois  the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfur,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  Ca,  and  Fe.  Some 
seasons  in  central  Illinois  are  sufficiently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  com,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops,  growing  under  favorable  climatic 
and  cultural  conditions  and  uninjured  by  disease  or  insect  pests,  are  not  pro- 
duced the  failure  is  due  to  unfavorable  soil  condition,  which  may  result  from 
poor  drainage,  poor  physical  condition,  or  from  an  actual  deficiency  of  plant  food 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  conunon 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
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Table  A. — ^Plant  Food  in  Wheat,  Cobn,  Oats,  and  Clovbb 


Produce 

Nitrogen 

Phos- 
phorus 

Sulfur 

Potas- 
sium 

Magne- 
sium 

Calcium 

Kind 

Amount 

Iron 

Wheat,  grain...... 

Wheat,  straw 

Com,  grain 

Com  stover 

Com  cobs 

Oats,  grain 

Oat  straw 

Clover  seed 

Clover  hay 

Ibu. 
Iton 

Ibu. 
1  ton 
Iton 

Ibu. 
Iton 

1  bu. 
1  ton~ 

lbs, 
1.42 
10.00 

1.00 

16.00 

4.00 

.66 
12.40 

1.75 
40.00 

.24 
1.60 

.17 
2.00 

.11 
2.00 

.60 
5.00 

.10 
2.80 

.08 
2.42 

.06 
4.14 

'3!28 

Iba. 

.26 
18.00 

.19 

17.33 

4.00 

.16 
20.80 

.75 
30.00 

lbs. 

.08 
1.60 

.07 
3.33 

.04 
2.80 

.25 

7.75 

Iba. 

.02 
3.80 

.01 
7.00 

.02 
6.00 

.13 
29.25 

Iba. 
.01 
.60 

.01 
1.60 

.01 
1.12 

•  •  •  •  • 

1.00 

ton,  as  the  case  may  be.    From  these  data  the  amount  of  any  element  removed 
from  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argument  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion. 

PLANT-POOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  {carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 


Table  B. — ^Plant-Food  Elements  in  Manure, 

Rough  Feeds,  and  Fertilizebs 

Material 

Pounds  of  plant  food 
of  material 

per  ton 

Nitrogen 

Phosphorus 

Potassium 

FreRh  farm  "lanur© 

10 

16 
12 
10 

40 
43 
50 
80 

280 
310 
400 

80 
20 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2 

2 
2 
2 

5 
5 
4 
8 

... 
... 
... 

180 
250 
250 
125 

•  •  • 

•  ■  • 

•  ■   • 

10 

8 

Com  stover 

17 

Oat  straw 

21 

Wheat  straw 

18 

Clover  hay 

30 

Cowpea  hay 

-  33 

Alfaua  hay 

24 

Sweet  clover  (water-free  basis)  * 

28 

Dried  blood 

Sodium  nitrate 

Afnmnniiim  ^^ilfate , 

Raw  bone  meal 

Steamed  bone  meal 

Raw  rock  phosphate 

Acid  phosphate .... 

Potassium  chlorid . ,    . 

850 

PntiuMinm  milfftte 

850 

Kainit 

200 

Wood  ashes' 

100 

'Young  second  year's  growth  ready  to  plow  under  as  green  manure. 

*Wood  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 
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air  by  one  class  of  plants  (legumes),  in  case  the  amount  liberated  from  the 
soil  is  insufficient;  but  even  these  plants  (which  include  only  the  dovers,  peas, 
beans,  and  vetches  among  our  common  agricultural  plants)  are  dependent  upon 
the  soil  for  the  other  six  elements  {pKosphorua,  potassium,  magnesium,  calcium, 
iron,  and  sulfur),  and  they  also  utilize  the  soil  nitrogen  so  far  as  it  becomes 
soluble  and  available  during  their  period  of  gi*owth. 

The  vast  difference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  to  4,900  pounds,  the  potassium  ranges  from  1,530  to  about  58,000 
pounds.  Similar  variations  are  found  in  all  of  the  other  essential  plant  food 
elements  of  the  soiL 

With  these  facts  in  mind  it  is  easy  to  understand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reduced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some  of  the  materials  most  commonly  used 
as  sources  of  plant-food  supply. 

LIBERATION  OF  PLANT  FOOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  fanner, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  the  choice  of 
crops  to  be  grown,  the  use  of  limestone,  and  the  incorporation  of  organic  matter. 
Tillage,  especially  plowing,  also  has  a  considerable  eflfect  in  this  connection. 

Feeding  Power  of  Plants. — Different  species  of  plants  exhibit  a  very  great 
diversity  in  their  ability  to  obtain  plant  food  directly  from  the  insoluble 
minerals  of  the  soil.  As  a  class,  the  legumes — especially  such  biennial  and 
perennial  legumes  as  red  clover,  sweet  clover,  and  alfalfa — are  endowed  with 
unusual  power  to  assimilate  from  mineral  sources  such  plant  foods  as  calcium 
and  phosphorus,  converting  them  into  available  forms  of  food  for  the  crops  that 
follow.  For  this  reason  it  is  especially  advantageous  to  employ  such  legumes  in 
connection  with  the  application  of  limestone  and  rock  phosphate.  Thru  their 
growth  and  subsequent  decay  large  quantities  of  the  mineral  foods  are  liberated 
for  the  benefit  of  the  cereal  crops  which  follow  in  the  rotation,  and  which  are 
less  independent  feeders.  Moreover,  as  an  effect  of  the  deep  rooting  habit  of 
these  legumes,  large  quantities  of  mineral  plant  foods  are  brought  up  and 
rendered  available  from  the  vast  reservoirs  of  the  lower  subsoil. 

Effect  of  Limestone, — Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogen-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.    At  the 
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same  time,  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  sufficient  organic  nitrogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  com,  the  nitrous  acid  formed  is  alone  sufficient  to  convert 
seven  times  as  much  insoluble  triealcium  phosphate  into  soluble  monocalcium 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Organic  Matter  and  Biological  Action, — Organic  matter  may  be  supplied  by 
animal  manures,  consisting  of  the  excreta  of  animals  and  usually  accompanied 
by  more  or  less  stable  litter;  and  by  plant  manures,  including  green-manure  crops 
and  cover  crops  plowed  under,  and  also  crop  residues  such  as  stalks,  straw,  and 
chaff.  The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condi- 
tion, and  origin,  and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  but  little  more 
than  half  the  organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  to  nearly  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.  The  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  additions 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legume 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  to  some  extent 
by  the  ratio  of  carbon  to  nitrogen.  Fresh  organic  matter  recently  incorporated 
with  the  soil  contains  a  very  much  higher  proportion  of  carbon  to  nitrogen  than 
do  the  old  resistant  organic  residues  of  the  soil.  The  proportion  of  carbon  to 
nitrogen  is  higher  in  the  surface  soil  than  in  the  corresponding  subsoil,  and  in 
general  this  ratio  is  wider  in  highly  productive  soils  well  charged  with  active 
organic  matter  than  in  very  old,  worn  soils  badly  in  need  of  active  organic  matter. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrous 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  power  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage, — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
thesoiL 
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PERICANBNT  SOIL  IMPROVBIIBNT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of  lAmestone. — ^In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse  ^ 
causes.  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.  It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitro- 
gen fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of 
certain  fungus  diseases,  such  as  com  root  rot  Experience  indicates  that  it 
modifies  either  directly  or  indirectly  the  physical  structure  of  fine-textured  soils, 
frequently  to  their  great  improvement 

Thus,  working  in  one  or  more  of  these  different  ways,  limestone  often  De- 
comes  the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply, — If  the  soil  is  acid,  usually  at  least  2  tons  per  acre  of 
ground  limestone  should  be  applied  as  an  initial  treatment  Continue  to  apply 
limestone  from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes,  using  preferably  at  times  magnesian  limestone 
(CaCOsMgCOg),  which  contains  both  calcium  and  magnesium  and  has  slightly 
greater  power  to  correct  soil  acidity,  ton  for  ton,  than  the  ordinary  calcium 
limestone  (CaCO,) .  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa, 
4  or  5  tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

How  to  Ascertain  the  Need  for  Limestone, — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  one  of  the  following  tests  for  soil  acidity.  Along 
with  the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It 
should  be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the 
absence  of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral 
point,  that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This 
condition  is  explained  by  the  assumption  that  solid  particles  of  calcium  or 
magnesium  carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally 
acid.  Because  of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if 
it  is  to  be  thoroly  reliable.  It  is  also  desirable  to  test  samples  from  different 
depths.    Following  are  the  directions  for  making  these  tests : 

The  Litmus  Paper  Test  for  Acidity.  Make  a  ball  of  fresh  moist  soil,  break  it  in  two, 
insert  a  piece  of  blue  litmus  paper,  and  press  the  soil  firmly  together.  After  a  few  minutes 
examine  the  paper.  If  it  has  turned  pink  or  red,  soil  acidity  is  indicated.  The  intensity  of 
the  color  and  the  rapidity  with  which  it  develops  indicates  to  some  extent  the  amount  of 
acidity.  Needless  to  say  the  reliability  of  the  test  depends  upon  tiie  quality  of  litmus 
paper  used. 
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The  Potasstimi  Thiocjanate  Test  for  Acidity.  A  more  recently  dieeovered  test  for  soil 
acidity  which  promises  to  be  more  satisfactory  than  the  litmus  test  is  made  with  a  4-percQnt 
solution  of  potassium  thiocyanate  in  alcohol—- 4  grams  of  potassium  thiocyanate  in  100 
eabic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of  soil 
shiaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soil  is  acid  and  lime- 
stone should  be  applied.  If  the  solution  remains  colorless  the  soil  is  not  acid.  The  con- 
ditions for  a  prompt  reaction  require  a  temperature  that  is  comfortably  warm. 

The  Hydrochloric  Acid  Test  for  Carbonates.  Make  a  shallow  cup  of  a  ball  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  bubbles, 
producing  foaming  or  effervescence.  With  much  carbonate  present  the  action  is  lively,  but 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little, 
is  indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 

The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  agricul- 
ture. Four  important  reasons  for  this  are:  its  increasing  deficiency  in  most 
soils ;  its  cost  when  purchased  on  the  open  market ;  its  removal  in  large  amounts 
by  crops;  and  its  loss  from  soils  thru  leaching.  Nitrogen  costs  from  four  to 
five  times  as  much  per  pound  as  phosphorus.  A  100-bushel  crop  of  com  re- 
quires 150  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops.    • 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This  large 
supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually  turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  ihe  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soil. 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats  (grain  and  straw)  requires  1  pound  of  nitrogen. 
1  bushel  of  com  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 
1  bushel  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 
1  ton  of  timothy  contains  24  pounds  of  nitrogen. 
.  1  ton  of  clover  contains  40  pounds  of  nitrogen. 
1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 
1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 
1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  gfreen 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen* 
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The  roots  of  doyer  contain  about  half  as  much  nitrogen  as  the  tops,  and  the 
roots  of  cowpeaa  contain  about  one-tenth  as  much  as  the  tops.  SoUs  of  mod- 
erate productive  power  will  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and  stubble.  In  grain 
crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  felL 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  being  especially  rich  in  this  element. 

The  phosphorus  content  of  a  soil  varies  according  to  its  origin  and  'the 
kind  of  fanning  practiced.  Even  virgin  soils  are  found  that  are  deficient  in 
phosphorus. 

On  aU  lands  deficient  in  pTiospKoriis  (except  on  those  susceptible  to  serious 
erosion  by  surface  washing  or  gullying)  that  element  should  be  applied  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops  de- 
sired to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  finely  ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
improvement  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds 
per  acre,  which  may  require  a  total  application  of  from  3  to  5  or  6  tons  per  acre  of 
raw  phosphate  containing  12^  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  a  pound  of  phosphorus  delivered  in 
Illinois  in  the  form  of  raw  phosphate  (direct  from  the  mine  in  carload  lots),  is 
much  cheaper  than  the  same  amount  in  steamed  bone  meal  or  in  acid  phosphate, 
both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase  by  farmers 
in  carload  lots,  which  is  not  the  case  with  raw  phosphate.  Landowners  should 
bear  in  mind  the  fact  that  phosphorus  additions  to  the  soil  in  amounts  above  the 
immediate  crop  requirements  represent  a  permanent  investment,  since  this  ele- 
ment is  not  readily  lost  in  the  drainage  water  as  in  the  case  of  nitrogen.  It  is 
removed  from  the  farm  thru  the  sale  of  crops,  milk,  and  animals. 

Phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is  applied 
to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant  seems  to 
possess  an  unusual  power  for  assimilating  raw  phosphate,  or  else  at  a  time  when 
it  can  be  plowed  under  with  some  form  of  organic  matter  such  as  animal  manure 
or  green  manure,  the  decay  of  which  serves  to  liberate  the  phosphorus  from  its 
insoluble  condition  in  the  rock.  It  is  important  that  the  finely  ground  rock  phos- 
phate be  intimately  mixed  with  the  organic  material  as  it  is  plowed  under. 

The  Potassium  Problem 

Normal  soils,  in  which  clay  and  silt  form  a  considerable  part  of  the  con- 
stituency, are  well  stocked  with  potassium,  altho  it  exists  largely  in  insoluble 
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form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low  in  this  ele- 
ment On  such  soils  this  deficiency  may  be  supplied  by  the  application  of  some 
potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit,  or  other 
potassium  compound,  and  in  many  instances  this  is  done  at  great  profit. 

From  aU  fhe  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  normal  soUs 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera^ 
tton.  The  Bothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  had  practically  the 
same  power  as  potassium  to  increase  crop  yields  in  the  absence  of  sufficient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 
potassium  is  removed,  as  in  the  entire  crops  at  Bothamsted,  with  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 

Further  evidence  on  this  matter  is  furnished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure. 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  com, 
but  the  cheaper  salt — ^kainit — was  just  as  effective  as  the  potassium  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave  very 
little  increase  over  that  produced  by  the  manure  alone.  This  is  explained  in 
part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  that  potassium  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds  of 
the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from 
the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  potassium ; 
so  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either 
in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
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annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassium,  130  of 
magnesium,  and  330  of  calcium.  These  figures  are  very  significant,  and  it  may 
be  stated  that  if  the  plowed  soil  is  well  supplied  with  the  carbonates  of  magnesinm 
and  calcium,  then  a  very  considerable  proportion  of  these  amounts  will  be  leached 
from  that  stratum.  Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at 
Rothamsted,  England,  where  the  soil  contains  plenty  of  limestone,  has  averaged 
more  than  300  pounds  a  year  as  determined  by  analyzing  the  soil  in  1865  and 
again  in  1905.  And  practically  the  same  amount  of  calcium  was  found  by 
analyzing  the  Bothamsted  drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaCOs),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  is  equivalait  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  was  applied 
at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years  amounted 
to  790  pounds  per  acre.  The  definite  data  from  careful  investigations  thus  seem 
to  indicate  that  where  limestone  is  needed  at  least  2  tons  per  acre  should  be 
applied  every  four  or  five  years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
em  and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefiy  stated  this  is  as  follows : 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  the  sulfur  passes  into  the  atmos- 
phere or  into  the  soil  solution  in  the  form  of  sulfur  dioxid  gas.  This  gas  unites 
with  oxygen  and  water  to  form  sulfuric  acid,  which  is  readily  washed  back  into 
the  soil  by  the  rain,  thus  completing  the  cycle,  from  soil — ^to  plants  and  animals 
— to  air — ^to  soil. 

In  this  way  sulfur  becomes  largely  a  self -renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.    With  a  fair  stock  of 
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sulfur,  sadi  as  exists  in  our  common  types  of  soil,  and  an  annual  return,  which 
of  itself  would  more  than  suffice  for  the  needs  of  maximum  crops,  the  mainte- 
nance of  an  adequate  sulfur  supply  presents  little  reason  at  present  for  serious 
concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur  in  the 
soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is  small. 
Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of  crop  pro- 
duction, and  it  will  be  necessary  sooner  or  later  to  introduce  this  substance  f  I'om 
some  outside  source.  Investigation  is  now  under  way  to  determine  to  what 
extent  this  situation  may  apply  to  conditions  in  Illinois. 

Ph3rsical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tendency  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  f  ann.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  often 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  com  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  howpver,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil. 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.    This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
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working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if  cropping  has 
reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good  tiltL 

Ssrstems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bedding 
practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with  the 
least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what  will 
prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and  fanners 
and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 

Six- Year  Rotations 

First  year    — Com 

Second  year  — Com 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    — ^Wlieat  (with  clover),  or  grass  and  clover 

Sicsth  year    — Clover,  or  clover  and  grass 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  i*otation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced-  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

rive- Year  Rotations 
First  year     — Com 

Second  year  — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Third  year   — Clover,  or  clover  and  grass 
Fourth  year  — Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — Clover,  or  clover  and  grass 

First  year     — Com 

Second  year  — Com 

Third  year    — Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    — Wheat  (with  clover) 
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Fir9t  year     — Com 

Second  year  — Gowpeas  or  soybeans 

TMrd  year    — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Fifth  year    —Wheat  (with  clover) 

The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

Four-Year  Botattona 

First  year     — ^Wheat  (with  clover)  First  year     — Corn 

Second  year  — Corn  Second  year  — Com 

Third  year    — Oats  (with  clover)  Third  year    — ^Wheat  or  oats  (with  dover) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year     — Com  First  year     — ^Wheat  (with  clover) 

Second  year  — ^Wheat  or  oats  (with  clover)      Second  year  — Clover 

Third  year    — Clover  Third  year   — Com 

Fourth  year  — ^Wheat  (with  clover)  Fourth  year  — Oats  (with  clover) 

First  year  — Com 

Second  year  — Cowpeas  or  soybeans 

Third  year  — ^Wheat  (with  clover) 

Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four ;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Year  BotatioiiB 

First  year     — Com  First  year     — Wheat  (with  clover) 

Second  year  — Oats  or  wheat  (with  clover)      Second  year  — Com 

Third  year    — Clover  Third  year    — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 
before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 
grow  on  every  acre  every  year.  This  is  likewise  true  of  the  following  suggested 
two-year  system: 

Two-Tear  Botations 
First  year    — Oats  or  wheat  (with  sweet  clover) 
Second  year — Com 

• 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover 
especially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture 
and  hay-crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop- 
rotation  program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  Representing  the  More  Important  Types  of 

Soil  Occurring  in  Adams  County) 

In  the  eaiiier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of  former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  additional  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soil.  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report 

A  few  general  explanations  at  this  point,  which  apply  to  all  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

Size  and  Arrangement 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots,  the  plots  conmionly  being  either  one-fifth  or 
one-tenth  acre  in  area.  Each  series  is  occupied  by  one  kind  of  crop.  Usually 
there  are  several  series  so  that  a  crop  rotation  can  be  carried  on  with  every  crop 
represented  every  year. 

Farming  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  farming  and  grain  farming. 

In  the  live-stock  system,  stable  manure  is  used  to  furnish  organic  matter 
and  nitrogen.  The  amoimt  applied  to  a  plot  is  based  upon  the  amount  that  can 
be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.  The  organic  matter  and 
nitrogen  are  applied  in  form  of  plant  manures,  including  all  the  plant  residues 
produced,  such  as  com  stalks,  straw  from  wheat,  oats,  clover,  etc.,  along  with 
leguminous  catch  crops  plowed  under.  It  is  the  plan  in  this  latter  system  to 
remove  from  the  land,  in  the  main,  only  the  grain  and  seed  produced,  except  in 
the  case  of  alfalfa,  that  crop  being  harvested  for  hay  the  same  as  in  the  live-stock 
system. 

Crop  Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  definite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.    The  most  common  rotation  used  is  wheat, 
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com,  oats,  and  dover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
on  a  fif  th  series.  In  the  grain  system  a  legume  catch  crop,  usually  sweet  clover, 
is  included,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  the  following  spring  in  preparation  for  com.  In  the  event  of 
clover  failure,  soybeans  are  substituted. 

Soil  Treatment 

The  treatment  applied  to  the  plots  has,  in  large  part,  been  standardized 
according  to  a  rather  definite  system,  altho  many  deviations  from  this  system 
occur. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

Animal  Manures. — ^Animal  manures,  consisting  of  excreta  from  animals, 
with  stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate 
to  previous  crop  yields,  the  applications  being  made  in  the  preparaticm  for  corn. 

Plant  Manures. — ^AU  crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaff,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clover  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures. — The  usual  yearly  acre-rates  of  application  have  been: 
for  limestone,  1,000  pounds;  for  raw  rock  phosphate,  500  pounds;  and  for 
potassium,  the  equivalent  of  200  pounds  of  kainit.  The  initial  application  of 
limestone  has  usually  been  4  tons  per  acre. 

Explanation  of  Symbols  Used 

0    =  Untreated  land  or  check  plots 
M  =  Manure  (animal) 

R   =  Residues  (from  crops,  and  includes  legumes  used  as  green  manure) 
L    =  Limestone 
P    =  Phosphorus 

K   =  Potassium  (usually  in  the  form  of  kainit) 
N   =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 
(  )  =  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
bushels  of  seed 

In  discussions  of  this  sort  of  data,  financial  profits  or  losses  based  upon 
assigned  market  values  are  frequently  considered.  However,  in  view  of  the 
erratic  fluctuations  in  market  values — especially  in  the  past  few  years — it  seems 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at  all  satisfactory. 
The  yields  are  therefore  presented  with  the  thought  that  with  these  figures  ai 
hand  the  financial  returns  from  a  given  practice  can  readily  be  computed  upon 
the  basis  of  any  set  of  market  values  that  the  reader  may  choose  to  apply. 

BROWN  SILT  LOAM 

Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.    Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
'  maintenance  and  improvement  of  this  type  of  soil. 
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The  Morrow  Plots 

It  happens  that  the  oldest  soil  experiment  field  in  the  United  States  is 
located  on  typical  brown  silt  loam  of  the  early  Wisconsiu  ^aciation,  on  the 
campus  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  6«orge 
E.  Morrow,  who  for  many  years  was  Professor  of  Agricultare,  and  these  plots 
are  known  as  the  Morrow  plots. 

The  Morrow  series  now  consists  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  com  is  grown  continuously; 
on  the  second,  com  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  has 
been  treated  since  1904,  receiving  standard  applications  of  farm  manure  with 
cover  crops  grown  in  the  one-crop  and  two-crop  ^stems.  Phosphorus  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  pounds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phosphate  was  in- 
creased sufficiently  to  bring  up  the  total  amount  applied  to  four  times  the  quan- 
tity of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  pounds  of  bone  meal  per  acre  per  year.  In 
1904  ground  limestone  was  applied  at  the  rate  of  1,700  pounds  per  acre  to  the 
south  half  of  each  plot,  and  in  1918  a  further  application  was  made  at  the  rate 
of  5  tons  per  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 

Table  1  gives  the  yearly  record  of  the  crop  yields,  and  Table  2  presents  the 
same  in  summarized  form. 


Pio.  1, — Corn  on  the  Moeeow  Plots  m  1910 
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Tabub  1.— UKBANA  field,  MORROW  PLOTS:    Brown  Silt  Loam;  Praibie;  Eablt 

Wisconsin  Glaciation 

Crop  Yields  in  Soil  Experimento — ^Bushels  or  (tons)  per  acre 


Com 

1 

SoU 

every 

Two-year  rotation 

Three-year  rotation 

Years 

treatment 
applied 

year 

Com 

Com 

Oats 

Com 

Oato 

Clover 

1879-87 

None 

•   •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

1888 

None 

54.3 

49.5 

•  •  •  • 

48.6 

•  •  •  • 

1889 

None 

43.2 

•  •  •   • 

37.4 

(4.04) 

1890 

None 

48.7 

54.3 

•  ■  ■  • 

(1.51) 

1891 

None 

28.6 

33.2 

•  •  •  • 

(1.46) 

1892 

None 

33.1 

•  •  •   « 

37.2 

70.2 

•   •  •  • 

1893 

None 

21.7 

29.6 

•  •  •  • 

34.1 

•  •  •  • 

1894 

None 

34.8 

•  •  •  • 

57.2 

•  •  •  • 

65.1 

•  •  •  • 

1895 

None 

42.2 

41.6 

•  «  •  • 

•  •  •  • 

22.2 

•  •  •  • 

1896 

None 

62.3 

•  •  •  • 

34.5 

•  •  •  • 

•  •  •  • 

•  •  •  • 

1897 

None 

40.1 

47.0 

•  •  •  • 

■  •  •  • 

•  •  •  • 

•  •  •  • 

1898 

None 

18.1 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

1899 

^one 

50.1 

44.4 

•  •  ■  • 

53.5 

•  •  •  • 

•  •  •  • 

1900 

None 

48.0 

•  •  •  • 

41.5 

•  •  •  • 

•  •  •  • 

•  •  ■  • 

1901 

None 

23.7 

33.7 

«  •  •  ■ 

34.3 

•  •  •  ■ 

• 
•  •  •  • 

1902 

None 

60.2 

•  •  •  • 

56.3 

•  •  •  • 

54.6 

•  •  •  • 

1903 

None 

26.0 

35.9 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

(Ml) 

1904 

None 

21.5 

•  •  •  • 

17.5 

55.3 

•  •  •  • 

•      •      •     • 

1904 

ML? 

17.1 

•  •  •  • 

25.3 

72.7 

•  •  •  • 

•      •      ■      • 

1905 

None 

24.8 

50.0 

•  •  •  • 

•  •  •  • 

42.3 

•     •     •     • 

1905 

MLP 

31.4 

44.9 

•  •  •  • 

•  •  •  • 

50.6 

•     •     •      • 

1906 

None 

27.1 

■  •  •  • 

34.7 

•  •  •  • 

•  •  •  • 

(1.42)' 
(1.74)' 

1906 

MLP 

35.8 

•  •  •  • 

52.4 

•  •  •  • 

•  •  •  • 

1907 

None 

29.0 

47.8 

•  •  •  • 

80.5 

•  •  •  • 

•     •     •     • 

1907 

MLP 

48.7 

87.6 

•  •  •  • 

93.6 

•  •  •  • 

•     •     •     • 

1908 

None 

13.4 

•  •  •  • 

32.9 

•  •  •  • 

40.0 

•     •     •      • 

1908 

MLP 

28.0 

•  •  •  • 

45.0 

•  •  •  • 

44.4 

•     •     •     • 

1909 

None 

26.6 

33.0 

•  •  •  • 

•  •  •  • 

•  •  •  • 

(  .66)« 

1909 

MLP 

31.6 

64.8 

•  •  •  • 

•  •  •  « 

•  •  •  • 

(1.73)» 

1910 

None 

35.9 

•  •  •  • 

33.8 

58.6 

•  •  •  • 

.  »  •  • 

1910 

MLP 

54.6 

•  •  •  • 

59.4 

83.3 

•  •  •  • 

•  •  •  • 

1911 

None 

21.9 

28.6 

•  •  •  • 

•  •  •  • 

20.6 

•  •  •  • 

1911 

MLP 

31.5 

46.3 

•  •  •  ■ 

•  •  •  • 

38.0 

•  •  •  • 

1912 

None 

43.2 

•  •  •  • 

55.0 

•  •  •  • 

•  •  •  • 

16. 3« 

1912 

MLP 

64.2 

•  •  •  • 

81.0 

•  •  ■  • 

•  •  •  • 

20.0* 

1913 

None 

19.4 

29.2 

•  •  •.  • 

33.8 

•  •  •  • 

. .  •  • 

1913 

MLP 

32.0 

25.0 

•  •  •  • 

47.8 

•  •  •  • 

•  •  ■  • 

1914 

None 

31.6 

•  •  •  • 

33.6 

•  •  •  ■ 

39.6 

• .  •  • 

1914 

MLP 

39.4 

•  •  •  ■ 

58.2 

•  •  •  • 

60.4 

. . .  • 

1915 

None 

40.0 

49.0 

•  •  •  • 

•  •  •  • 

•  •  •  • 

24.2* 

1915 

MLP 

66.0 

81.2 

•  •  •  • 

•  •  •  • 

•  •  •  • 

27.1« 

1916 

None 

11.2 

•  •  •  • 

37.5 

27.8 

•  •  •  • 

■  •  •  • 

1916 

MLP 

10.8 

•  •  •  • 

64.7 

40.6 

•  •  ■  • 

•  •  •  • 

1917 

None 

40.0 

48.4 

•  •  •  ■ 

•  •  •  • 

68.4 

•  •  •  • 

1917 

MLP, 

78.0 

81.4 

•  •  •  • 

•  •  •  • 

86.9 

•  •  •  • 

1918 

None 

13.6 

•  •  •  • 

27.2 

•  •  •  • 

•  •  •  • 

(2.68) 
(4.04) 

1918 

MLP 

32.6 

•  •  •  • 

59.3 

•  •  •  ■ 

•  •  •  • 

1919 

None 

24.0 

30.8 

•  •  •  • 

52.2 

•  ■  •  • 

•     •     •     • 

1919 

MLP 

43.4 

66.2 

•  •  ■  • 

70.8 

•  •  •  « 

•     •     •     • 

1920 

None 

28.2 

•  ■  •  • 

37.2 

•  «  •  • 

52.2 

•     •     •     ■ 

1920 

MLP 

54.4 

■  •  •  • 

51.6 

•  •  •  • 

69.7 

•     •     •     • 

1921 

None 

19.8 

30.6 

•  •  •  • 

•  •  •  • 

•  •  •  • 

(  .26)« 
(1.33)» 

1921 

MLP 

42.2 

6^.4 

•  •  • 

•  •  •  • 

.  •  •  • 

'Soybeans. 

*In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 
'In  addition  to  the  hay,  1.17  bushels  of  seed  were  harvested. 
^In  addition  to  the  hay,  .53  bushel  of  seed  was  harvested. 
*In  addition  to  the  hay,  .85  bushel  of  seed  was  harvested. 
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Tablb  2.— URBANA  field,  MORROW  PLOTS:    Gsnbbal  Summabt 
Average  Annual  Yielda — Bushels  or  (tons)  per  acre 


[August, 


Years 

SoU 

treatment 

applied 

Com 
every 
year 

Two-year  rotation 

Three-year  rotation 

Com 

Oats 

Com 

Oats 

Clover 

1888 
to  1903 

None 

16  crops 
39.7 

9  crops 
41.0 

0  crops 
44.0 

4crops 
48.0 

4  crops 
47.6 

4crops 
(2.03) 

1904 
to  1921 

None 

MLP 

18  crops 
26.2 
41.2 

9  crops 
38.6 
62.9 

9  crops 
34.4 
55.2 

6  crops 
51.4 
68.1 

6  crops 
43.9 
58.3 

4crop$ 
(1.23)» 
(2.21)> 

'One  crop  of  soybean  hay. 

Soinmarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half-plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the 
continuous  com  plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one- third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  com  and  oats  production,  while  the  averages  for  the 
three-year  system  show  an  increase  in  com  yield  and  decreases  in  oats  and  dover. 
Unfortunately  the  numbers  of  crops  included  in  these  last  averages  are  too  small 
to  warrant  positive  conclusions. 

The  increase  brought  about  by  soil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 


The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  19()1. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
*  *  field  "  in  a  crop  rotation  system. 

From  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  com  and  oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  with  a  crop 
rotation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows: 

Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and  8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (R)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
in  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 
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Manure  (M)  was  applied  preceding  com,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal ;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
tuted for  the  bone  meal  on  the  west  half  of  each  of  these  plots.  These  applica- 
tions continued  until  1918  when  adjustments  were  begun,  first  to  make  the  rate 
of  application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
rotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9,  in  connection 
with  the  organic  manures  and  phosphorus,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  ** extra  heavy"  treatment  was  not  begun  until 
1906,  only  the  usual  amounts  of  lime,  phosphorus,  and  potassium  having  been 
applied  in  previous  years.  The  purpose  in  making  these  heavy  applications  is  to 
try  to  determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limita- 
tions of  inadequate  fertility. 

It  will  be  observed  that  the  applications  mentioned  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  system, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues  along  with  legumes,  is 
exemplified  in  Plots  2,  4,  6,  and  8;  and  the  live-stock  system,  in  which  farm 
manure  is  utilized  for  soil  enrichment,  is  represented  in  Plots  3,  5,  7,  and  9. 

Table  3  shows  a  summary  of  the  results  obtained  on  the  Davenport  plots 
beginning  with  the  year  1911,  when  the  present  cropping  system  was  introduced. 

When  used  in  conjunction  with  phosphorus  the  crop  residues  and  the 
manure  appear  about  equally  effective;  but  where  phosphorus  is  not  applied, 
the  manure  has  been  decidedly  more  effective,  under  the  conditions  of  the  ex- 
periment. It  should  be  observed,  however,  in  this  connection,  that  the  plowing 
under  of  clover  is  a  very  essential  feature  of  the  residues  system,  and  that,  as 
a  matter  of  fact,  there  were  five  clover  failures,  wheti  soybeans  were  substituted, 
during  the  ten  years.  Perhaps  with  a  more  reliable  biennial  legttnie  than  red 
clover,  the  results  would  have  been  more  favorable  for  this  system\  ' 

By  comparing  Plots  2  and  3  with  Plots  4  and  5,  it  is  found  that  limestone 
has  had  a  beneficial  effect  on  all  crops.  What  the  financial  profit  amounts  to 
depends  obviously  upon  the  market  value  of  the  crops  and  the  cost  of  the 
limestone. 
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-UBBANA  FIELD,  DAVENPORT  PLOTS:    Beown  Silt  Loam,  Pbairm;  Eabii 
WisooNsnr  Gij^cution 
ATsnge  A&aiuU  YieUa — ^Busheb  or  (tons)  per  mm 
1011-1920 


Soil 
treatmeot 
.ppUed 

Com 

0»t8 

WLetit 

Clover 
5  crop* 

Soybeans 
5  crops 

Alfftlfa 

1 

) 

55.6 

50.5 

26.0 

(2,42) 

(1.47) 

(2,43) 

67.1 
66.3 
64,8 
69.6 

52.3 
61.9 
55.6 
64.1 

28.7 
28.2 
31.4 
32.8 

1.47' 
(2.66) 

1.61' 
(2.90) 

19.8 
(1.82) 
20  3 

(1.67) 

RL 

(2  72) 

6 

ML 

(3,03) 

71.5 
73.0 
70  9 
70.2 

69.8 
68.6 
72.5 
72  0 

43.0 
40.0 
40.7 
39.2 

2.29' 
(3.40) 

23i 
(2.20) 

MLP 

fl 

MLPK 

(3:73) 

10 

MxSLPrS 

S6.9 

71,4 

40.6 

(3.31) 

(2  22) 

(3,77) 

Plots  2,  4,  6,  and 


■In  addition  to  the  clover  seed,  &  cn^  of  hay  was  harvested  one  year  o 
8,  yielding  2.38,  2.20,  2.54,  and  2.39  tons  respectively. 

Omparing  Plota  4  and  5  with  Plots  6  and  7,  regpeotively,  there  is  found 
in  all  cases  an  increase  in  crop  yield  as  a  result  of  adding  pfaosphoms.  The 
effect  on  wheat  is  especially  pronounced.  Where  limestone  and  phoflphoniB 
are  applied  in  addition  to  the  crop  residues,  an  increase  of  17  boshels  of  wheat, 
over  the  yield  of  the  untreated  land,  has  been  obtained  as  a  ten-year  average. 


Manure 
Yield:    1.43  teas  per  acre 
Fia.  2. — CLQvnt  0 
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The  effect  of  adding  potafisium  to  the  treatment  is  of  much  interest.  Plots 
8  and  9  are  the  same  as  Plots  6  and  7,  respectivelyy  except  that  potassium  has 
been  applied  to  the  former.  On  the  whole,  no  significant  benefit  is  shown  from 
the  addition  of  potassium. 

No  benefit  appears  as  the  result  of  the  extra-heavy  applications  of  manure 
and  phosphorus  on  Plot  10.  In  fact  the  com  yields  are  noticeably  less  here 
than  on  the  plots  receiving  the  normal  applications  of  these  materials. 

The  University  South  Farm 

On  the  University  South  Farm,  at  Urbana,  several  series  of  plots  devoted 
primarily  to  variety  testing  and  other  crop-production  experiments  are  so  laid 
out  as  to  show  the  effects  of  certain  soil  treatments  that  have  been  applied. 
Several  different  systems  of  crop  rotation  are  employed  and  the  crops  are  so 
handled  as  to  exemplify  the  two  general  systems  of  farming,  grain  and  live-stock. 

The  summarized  results  presented  in  Table  4  represent  three  different  sys- 
tems of  cropping.  The  first,  designated  as  the  Southwest  rotation,  is  to  be 
regarded  as  a  good  rotation  for  general  practice,  on  this  type  of  soil,  under  Illi- 
nois conditions.    This  is  a  four-field  rotation  of  wheat,  com,  oats,  and  clover. 


Tablb  4.— urbana  field,  SOUTH  FARM:    Brown  Silt  Loam,  Prairie;  Early  Wis- 
consin Glaciation 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 
190&-1919 

Southwest  Rotation:    Series  100,  200,  400*:    Wheat,  Ck)m,  Oats,  Clover* 


Soil  treatment 
applied* 

Corn 
9  crops 

Oats* 
9  crops 

Wheat* 
8  crops 

Clover* 
3  crops 

Soybeans 
'  7  crops 

RP 

62.3 
61.9 
69.7 
64.3 

61.9 
46.5 
60.2 
65.4 

41.0 
26.9 
29.1 
43.1 

1.05 
1.38 

(2.28) 
(2.86) 

17.3* 

R 

16.2* 

M 

(1.25) 

MP 

(1.51) 

RLP 

60.6 
49.7 
65.5 
64.1 

57.2 
49.6 
54.1 
69.6 

41.8 
25.8 
27.8 
43.9 

.64 
.83 
(1.71) 
(1.77) 

16.4* 

R 

14.7* 

M 

(1.28) 

MLP 

(1.68) 

North-Central  Rotation:    Series  500,  600,  700* :    Com,  Com,  Oats,  Clover* 

Soil  treatment 
applied* 

Com 
Ist  year 
9  crops 

Com 

2d  year 

9  crops 

Oats 
9  crops 

Clover 
6  crops 

Soybeans 
4  crops 

RP 

56.7 
51.7 
54.9 
56.5 

61.1 
45.2 
46.7 
53.4 

66.1 
62.0 
62.1 
66.9 

.54 
.50 
(2.29) 
(2.73) 

16.9 

R 

16.0 

M 

(1.60) 

MP 

(1.74) 

South-Central  Rotation:    Series  500,  600,  700* :    Com  Com,  Com,  Soybeans 


Soil  treatment 
applied* 

Com 
1st  year 
9  crops 

Com 
2d  year 
9  crops 

Com 
3d  year 
9  crops 

Soybeans 
9  crops 

RP 

51.9 
45.5 
50.1 
54.5 

44.0 
39.9 
42.1 
46.7 

41.3 
35.2 
33.5 
42  0 

20  0 

R 

19  2 

M 

(1.59) 
(1.66) 

MP 

^Results  from  Series  300  and  800  are  omitted  on  account  of  variation  in  soil  type. 

'Soybeans  when  clover  fails. 

•Only  seven  crops  with  limestone. 

*Only  one  crop  with  limestone. 

•Average  of  five  crops. 

•All  phoBphoruB  plots  received  H  ton  per  acre  <^  limestone  in  1903. 
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Twelve-Year  Average  (1908-1919)— Bushela 

per  acre 

Rotation 

Wheat-cora- 
oate-teRume' 

Com-corn-oftta- 
leKume* 

Coro-oom-com-tejuioe* 

Treatmeot 

Co^ 

lat  Com  2d  Com 

lat  Com   2d  Cora   «  Cora 

65.8 
63,2 

53.3          46.0 
56,8          52.3 

Organic  n..nun«,ph«,phoru,... 

63,2          46.3         41.6 

'Clover  3  oropa  and  soybeani  7  cropo. 
'Clover  5  cropo,  and  soybeans  S  cropo. 
•Soybeaiu  9  crop*. 

The  second,  or  North-Central  rotation,  consisting  of  com,  com,  oata,  and  clover, 
represents  a  system  very  commonly  practiced;  and  the  third  or  Sonth-Centnl 
rotation,  consisting  of  com,  com,  com,  and  soybeans,  most  be  conodered  as  a 
poor  rotation  from  the  standpoint  of  maintaining  the  productiveness  of  the  land. 
On  the  whole,  the  "residues"  have  not  returned  yields  qTiite  so  high  as 
those  produced  by  the  manure  treatment;  but,  as  remarked  above  in  the  diseiiB- 
sdon  of  the  Davenport  plots,  the  residues  system  has  probably  been  at  a  disad- 
vantage thru  frequent  clover  failures.  On  the  North-Central  rotation,  vhere 
conditions  seem  to  have  been  more  favorable  for  clover,  there  is  very  little 
difference  between  the  effect  of  manure  and  of  residnes. 


Besiduei  plowed  aoder 
Yield:    35.2  buahela  per  acre 

Fig.  3. — Wnxar  oh  thk  Univebsitt  Sodth  Taeh  is  1911 
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In  the  rotation  system  in  which  limestone  is  being  applied,  no  benefit  of 
consequence  to  any  of  the  crops  except  oats  appears  from  the  use  of  this  material. 
The  test>  however,  has  hardly  been  of  sufficient  duration  to  warrant  final  con- 
clusions; and  furthermore,  the  comparison  may  be  somewhat  impaired  by  a 
possible  residual  effect  of  the  small  application  of  limestone  made  in  1903  to  all 
the  phosphorus  plots. 

The  results  obtained  from  the  use  of  phosphorus  are  important  because  this 
element  has  been  applied  to  these  plots  solely  in  the  form  of  raw  rock  phosphate. 
The  figures  in  almost  every  case  show  an  increase  in  yield  where  the  phosphorus 
has  been  applied,  and  in  most  cases  this  increase  is  very  pronounced.  The  wheat 
is  especially  responsive  to  phosphorus. 

The  records  furnish  some  interesting  comparisons  of  com  yields  produced 
under  different  systems  of  cropping.  Table  5  gives  a  general  summary  of  the 
com  yields  only,  in  which  the  results  from  the  residues  and  manure  treatments 
are  averaged  together  as  ''organic  manures."  The  highest  annual  acre-yields 
are  found  where  com  occurs  but  once  in  a  rotation.  Where  com  is  grown  twice 
in  succession,  the  annual  acre-yields  are  less;  and  where  com  occurs  three  times, 
there  is  a  further  reduction.  Also,  the  first  crop  of  com  within  a  rotation  pro- 
duces more  than  the  second,  and  the  second  crop  yields  more  than  the  third. 
These  are  useful  facts  for  consideration  in  connection  with  problems  of  general 
farm  management. 

The  Clajrton  Field 

An  experiment  field  representing  a  light  phase  of  the  brown  silt  loam  is 
located  in  Adams  county  just  south  of  Clayton.  This  field  has  been  in  operation 
since  1911.  The  diagram  presented  as  Fig.  4  shows  the  arrangement  of  the 
plots  on  this  field. 


Fia.  4. — ^Diagram  Showing  Arrangement  op  Plots  on  the  Clayton  Experiment  Field 
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There  are  four  series  of  plots,  the  series  numbering  by  hundreds  from  north 
to  south.  Each  series  has  fourteen  plots  numbering  in  order  from  west  to  east 
and  separated  by  half-rod  division  strips.  Plots  A,  B,  C,  and  D  have  only 
recently  been  added  to  the  regular  series,  and  no  results  are  reported  for  these 
plots  at  this  time. 

The  crop  rotation  practiced  on  this  field  is  wheat,  com,  oats,  and  clover. 
Soybeans  have  several  times  been  substituted  for  the  clover.  The  yields  of  all 
the  crops  grown  each  year  since  the  beginning  of  the  experiments  are  presented 
in  Table  6.  These  results  are  summarized  in  Table  7,  which  shows  the  average 
yields  of  the  respective  crops  for  each  treatment  covering  the  years  that  full 
treatment  has  been  under  way.  The  lower  section  of  this  table  gives  a  more 
condensed  summary  which  affords  some  interesting  comparisons.  Here  the 
results  from  the  corresponding  plots  of  the  live-stock  and  grain  systems  are  so 
combined  as  to  bring  out  the  effect  of  organic  manures  alone,  organic  manures 
in  combination  with  limestone,  and  organic  manures  in  combination  with  lime- 
stone and  phosphorus. 

Table  7.— CLAYTON  FIELD:    General  Summary 
Average  Annual  Yields — ^Bushels  or  (tons)  per  acre  1913-1921 


Serial 
plot 
No. 

Soil  treatment  applied 

Wheat 
7  crops 

Com 
9  crops 

Oats 
9  crops 

Legumes* 
8  crops 

1 

0 

16.8 
21.5 
23.0 
26.0 

30.5 
45.9 
51.5 
50.4 

36.5 
45.3 
44.2 

46.7 

(2.01) 

2 

M 

(2.26) 

3 

ML 

(2.54) 

4 

MLP 

(2.44) 

5 

0 

16.6 
19.5 
22.4 
26.4 

33.0 
44.0 
52.1 
52.5 

38.5 
41.4 
47.6 
52.4 

(2.04) 

6 

R 

(2.10) 

7 

RL 

(2.27) 
(2.36) 

8 

RLP 

9 

RLPi: 

26.4 
17.9 

56.7 
33.9 

51.7 
41.6 

(2.41) 
(2.05) 

10 

0 

4 
8 
3 

7 
2 

6 

11 
6 

R  >LP 

26.2 
22.7 

20.5 
17.1 

51.5 
51.8 

45.0 
32.5 

49.6 
45.9 

43.4 
38.9 

(2.40) 

mJl 

(2.41) 

m 

(2.18) 

0 

(2.03) 

lOj 

^These  figures  represent  the  average  combined  yields  of  clover  and  soybeans,  whether  hay 
or  seed,  expr^sed  as  the  equivalent  of  clover  hay. 

In  looking  over  these  results,  attention  is  called  first  to  the  beneficial  effect 
of  organic  manures,  whether  they  have  been  applied  in  the  form  of  animal 
manure  or  as  plant  manures  (crop  residues  and  legumes  turned  under).  This 
improvement  obtained  by  adding  organic  matter  indicates  the  importance  of 
carefully  conserving  and  regularly  applying  all  available  farm  manure.  If  farm 
manure  is  not  available  in  sufficient  quantity,  then,  as  these  results  demonstrate, 
the  necessary  organic  matter  can  be  supplied  by  returning  to  the  land  aU  unused 
crop  residues  and  by  plowing  under  legume  crops. 

The  results  also  bring  out  the  beneficial  effect  of  limestone  on  this  soil,  all 
crops  showing  in  the  general  averages  increases  in  yield  where  this  material  has 
been  applied. 
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The  use  of  raw  rock  phosphate  applied  along  with  organic  manures  and 
limestone  has  produced  still  further  increases  for  wheat  and  oats,  but  not  for 
com.  Potassium  salts  appear  to  have  benefited  the  com,  but  not  the  wheat  and 
oats,  altho  the  increase  in  com  yield  would  not  pay  for  the  cost  of  the  treatment. 

On  the  whole,  the  results  of  the  Clayton  field  are  in  accord  with  what  has 
been  found  to  be  generally  true  of  the  brown  silt  loam  type  of  soil.  For  the 
establishment  of  a  permanent  system  of  fertility,  organic  matter  and  phosphorus 
are  needed,  and  where  limestone  is  lacking  this  material  should  be  applied. 
Where  organic  manures,  limestone,  and  phosphate  have  been  applied  on  the 
Clayton  field,  the  yield  of  wheat  has  averaged  26.2  bushels  per  acre  as  compared 
with  17.1  bushels  on  the  check  plots,  an  increase  amounting  to  ^  of  the  crop 
that  was  produced  without  treatment;  the  yield  of  com  has  averaged  51.5 
bushels  as  compared  with  32.5  bushels,  also  an  increase  of  more  than  50  percent ; 
the  yield  of  oats  has  averaged  49.6  bushels  as  compared  with  38.9  bushels,  repre- 
senting about  a  25  percent  increase;  the  yield  of  hay,  or  its  equivalent  (the 
value  of  seed  crops  produced  being  expressed  as  the  equivalent  to  tons  of  hay), 
has  averaged  2.40  tons  per  acre  as  compared  with  2.03  tons,  an  increase  of  about 
%  of  the  untreated  crop. 

YELLOW-QRAY  SILT  LOAM 

Yellow-gray  silt  loam  exhibits  an  important  variation  with  respect  to  lime- 
stone content.  In  some  areas,  altho  limestone  may  be  altogether  absent  in  the 
surface  stratum  it  is  found  in  abundance  at  a  short  distance  beneath  the  surface. 
Accordingly,  variations  in  response  to  soil  treatment  are  exhibited  by  different 
experiment  fields  located  on  this  type.  In  view  of  this  discrepancy  it  is  thought 
well  to  introduce  here  the  records  of  two  fidds,  that  are  representative  of  the 
type  but  which  show  a  marked  diversity  in  results,  one  in  northern  Illinois  and 
one  in  the  southern  part  of  the  state. 

The  Antioch  field  is  located  on  the  late  Wisconsin  glaciation,  in  Lake  county, 
close  to  the  Wisconsin  border.  The  field  was  started  in  1902,  with  but  a  single 
series  of  ten  plots,  under  a  rotation  of  com,  com,  oats,  and  wheat;  but  beginning 
with  1911  the  rotation  has  been  wheat,  com,  oats,  and  clover.  It  was  started 
in  order  to  learn  as  quickly  as  possible  what  effect  would  be  produced  by  the 
addition  to  this  type  of  soil  of  nitrogen,  phosphorus,  and  potassium,  used  singly 
and  in  combination.  Therefore  these  elements  were  all  applied  in  commercial 
form  until  1911,  after  which  the  use  of  commercial  nitrogen  was  discontinued 
and  crop  residues  were  substituted  in  its  place.  Nitrogen  was  supplied  in  the 
earlier  years  in  800  pounds  of  dried  blood  per  acre.  Phosphorus  is  applied  in  200 
pounds  of  steamed  bone  meal,  and  potassium  in  100  pounds  of  potassium  sulfate. 
At  the  beginning,  470  pounds  of  slaked  lime  was  applied;  but  since  1912  lime- 
stone has  been  applied  at  the  rate  of  1,000  pounds  per  acre  per  year. 

Table  8  presents,  in  summarized  form,  the  results  from  the  Antioch  field. 
Because  of  an  abnormality  in  Plot  1,  the  results  from  this  plot  are  not  con- 
sidered. The  data  show  that  phosphorus  is  the  one  element  standing  out  promi- 
nently as  producing  consistently  beneficial  results.  Potassium  applied  in  addi- 
tion to  phosphorus  has,  on  the  whole,  not  produced  profitable  results.    Also,  the 
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c 

SoU  treatment  applied 

Cora 
8  crops 

Oats 
5  crops 

4  crops 

Clover' 
3  crops 

23.9 
21.3 

32.3 
26  8 

15.8 
13  2 

2 

[- 

1.26 

21.3 
30.7 
23.7 

29.9 
43.6 
27.8 

20.6 
36.7 
19.2 

1  « 

S 

LK 

1.21 

33.8 
24.3 
25  1 

43.3 
26.9 
38.2 

33-3 
20.8 
30.9 

7 

,RK 

8 

,PK 

1.51 

g 

LHPK 

38,3 
384 

42  6 
44  7 

28.0 
30.2 

1  00 

10 

RPK 

1.28 

f  hajr  and  seed,  expressed  as  the 
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Limn  and  phosphor 
ap^ed 
1 1913  OH  Antiooh  Field 


reBolts  are  unfavorable  for  the  application  of  limestone.  Limeatone,  however, 
is  abundant  in,  the  subsoil  of  this  type  in  the  region  of  this  field. 

The  Raleigh  experiment  field  is  located  on  the  lower  lUinoisan  glaciation, 
in  southern  Illinois,  in  Saline  county.  This  field  is  laid  out  into  four  series  of 
ten  plots  each,  under  a  rotation  of  wheat,  corn,  oats,  and  clover.  The  treat- 
ments, along  with  the  summarized  results,  are  given  in  Table  9. 

The  outstanding  feature  of  these  results  is  the  effect  of  limestone.  Altho 
manure  alone  produces  a  substantial  increase,  especially  in  the  com  crop,  when 
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MfuiuTe,  limeBtone,  phosphoroiu 
Yield:   61  biuhelg  per  acre 

Pio.  6. — Corn  o 


Baldoh  Field  u 


SerU] 

Soil 
treatment 
applied 

Corn 
11  crops 

Oate 
11  crops 

Wheat 
7  crops 

Legumes' 
9  crops 

15,8 
27.6 
3S.0 
400 

10.2 
12,5 
19.6 
19  8 

6.2 
7.9 
21.7 
22.5 

2 

M 

MLP 

(1.36) 

16.4 
19.4 
34,3 
36.7 

10,0 
12  8 
21.2 
22,4 

7.3 
8,8 
19.7 
22.4 

(  .14) 

ft 

8 

ft  P 

(  -81) 

9 

RLPK 
0 

42.7 
20  2 

230 
11  2 

23.8 
6  9 

(   .30) 

10 

TheM  flgnres  represent  the  ftverage  combined  yields  of  clover  and  so^beana,  whether  haj 
or  Mad,  expreeaed  aa  the  eqaivalut  of  clover  bay. 

limestone  is  added  a  remarkable  increase  is  fonud  in  all  crops.  A  most  im- 
portant fact  is  that  the  organic  matter  can  be  effectively  bnilt  np  thru  the  use 
of  crop  reffldues,  with  the  application  of  limestone,  so  that  the  crop  yields  are 
practically  as  high  xinder  this  "grain  system"  of  farming  as  where  manure 
is  used. 

PhosphoroB  thus  far  has  given  only  moderate  returns  in  increased  crop 
yields,  but  with  an  increasing  quantity  of  organic  matter  and  nitrogen  it  is 
probable  that  the  phosphorus  applications  will  show  up  more  favorably  on  sub- 
sequent erops.    As  to  the  use  of  potassium,  it  is  to  be  noted  that  aside  from  an 
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increase  of  6  bushelB  of  com  in  the  residues  system,  the  beneficial  effect  has  not 
been  suflKcient  to  justify  the  use  of  this  material. 

In  accounting  for  the  discrepancy  in  the  response  to  limestone  on  these 
two  fields,  the  fact  is  to  be  considered  that  the  Antioch  field  is  located  on  the 
late  Wisconsin  glaciation,  where  the  subsoil  contains  large  quantities  of  lime- 
stone ;  while  the  Raleigh  field  represents  the  lower  lUinoisan  glaciation,  the  soil 
of  which  is  very  acid  to  a  great  depth. 

In  view  of  these  variations,  a  general  recommendation  for  a  complete  treat- 
ment for  soil  of  this  type,  that  will  apply  to  all  localities,  cannot  be  given  out 
until  more  information  is  acquired. 

Fortunately,  however,  each  farmer  can  determine  for  himself  the  need  of 
limestone  for  his  land  by  appl3ring  the  simple  tests  for  the  presence  of  carbonates 
and  soil  acidity,  as  explained  under  the  discussion  of  limestone  on  pages  36  and 
37  of  the  Appendix. 

Phosphorus,  which  has  paid  well  on  the  Antioch  field,  and  has  given  doubt- 
ful returns  thus  far  at  Raleigh,  has  varied  considerably  in  its  effect  when  used 
on  other  fields  located  on  this  same  type  of  soil.  In  this  situation,  therefore, 
the  present  suggestion  would  be  that  each  farmer  might  well  try  out  phosphorus 
on  his  own  land,  on  a  limited  scale,  and  be  guided  by  the  outcome  of  his  experi- 
ence. The  low  phosphorus  content  of  the  surface  stratum  of  this  soil  is  an  indi- 
cation that  in  a  system  of  permanent  agriculture  the  time  is.  not  far  off  when 
phosphorus  will  become  a  limiting  element  to  crop  production,  and  the  wise 
farmer  will  watch  carefully  the  indications  and  be  ready  to  make  timely  provision 
for  this  need. 

YELLOW  SILT  LOAM 

Because  such  a  large  proportion  of  the  area  of  Adams  county  is  made  up 
of  yellow  silt  loam  it  is  thought  that  an  account  of  some  experiments  on  the 
Vienna  field,  the  single  representative  of  this  type  of  soil,  would  be  of  interest 
here. 

ThelVienna  Field 

In  1906  the  University  acquired  a  sixteen-acre  tract  of  land  representative 
of  yellow  silt  loam  near  Vienna  in  Johnson  county.  The  whole  area  with  the 
exception  of  about  three  acres  had  been  abandoned  because  so  much  of  the 
surface  soil  had  washed  away  and  there  were  so  many  gullies  as  to  render  further 
cultivation  of  this  land  unprofitable.  Experiments  were  started  at  once  to 
reclaim  this  land,  the  different  methods  described  below  being  used  for  this 
purpose. 

The  field  was  divided  into  five  sections.  The  sections  designated  as  A,  B, 
and  C  were  divided  into  four  plots  each,  and  D  into  three  plots.  On  section  A, 
which  included  the  steepest  part  of  the  area  and  contained  many  gullies,  the 
land  was  built  up  into  terraces  at  vertical  intervals  of  five  feet.  Near  the  edge 
of  each  terrace  a  small  ditch  was  placed  so  that  the  water  could  be  carried  to  a 
natural  outlet  without  doing  much  washing. 

On  section  B  the  so-called  embankment  method  was  used.  By  this  method 
erosion  is  prevented  by  plowing  up  ridges  sufficiently  high  so  that  on  the  occa- 
sion of  a  heavy  rainfall  if  the  water  breaks  over  it  will  run  over  in  a  broad 
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sheet  rather  than  in  narrow  channels.    At  the  steepest  part  of  the  slope,  hill- 
side ditches  were  made  for  carrying  away  the  run-off. 

,  Section  C  was  washed  badly  hut  contained  only  small  gullies.  Here  the 
attempt  was  made  to  prevent  washing  by  incorporating  organic  matter  in  the 
soil  and  practicing  deep  contour  plowing  and  contour  planting.  With  two 
exceptions,  each  year  about  eight  loads  of  manure  per  acre  were  turned  under 
for  the  com  crop. 

The  land  on  section  D  was  -washed  to  about  the  same  extent  as  that  of  sec- 
tion C.  As  a  check  on  the  different  methods  of  reducing  erosion,  the  land  on 
section  D  was  fanned  in  the  most  convenient  way,  without  any  special  effort 
being  made  to  prevent  washing. 
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Section  E  was  badly  eroded  and  gullied  and  no  attempt  was  made  to  crop 
it  other  than  to  fill  in  the  gullies  with  brush  and  to  seed  the  land  to  grass. 

Sections  A,  B,  C,  and  D  were  not  entirely  uniform ;  some  parts  were  washed 
more  than  others  and  portions  of  the  lower-lying  land  had  been  affected  by  soil 
material  washed  down  from  above.  When  the  field  was  secured,  the  hi^er  land 
had  a  very  low  producing  capacity.    On  many  spots  little  or  nothing  would  grow. 

Limestone  was  applied  to  the  entire  field  at  the  rate  of  2  tons  per  acre. 
Com,  cowi)eas,  wheat,  and  clover  were  grown  in  a  four-year  rotation  on  each 
section  except  D  which  had  but  three  plots. 

Table  10  contains  a  summarized  statement  of  the  results  obtained. 


Table  10. — ^VIENNA  FIELD:    Methods  of  Handling  Hillside  Land  to  Prevent 

Erosion 

Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 

1907-1915 


Section 

Method 

Com 
7  crops 

Wheat 
7  crops 

Clover 
3  crops 

A 

Terrace 

31.4 
32.4 

27.9 
14.1 

9.0 
12.7 

11.7 
4.6 

(0.68) 

B 
C 

Embankments  and  hiUside  ditches 

Organic  matter,  deep  contour  plowing, 
and  contour  olantinir 

(0.97) 
(0.80) 

D 

Check 

(0.21) 

These  results  indicate  something  of  the  possibilities  in  improving  hillside 
land  by  protecting  it  from  erosion.  The  average  jdeld  of  com  from  the  pro- 
tected series  (A,  B,  and  C)  was  30.6  bushels  per  acre,  as  against  14.1  busliels 
for  series  D;  wheat  yielded  11.1  bushels  in  comparison  with  4.6  bushels;  and 
clover  .82  ton  in  comparison  with  .21  ton. 

A  comparison  of  Figs.  7  and  8  will  serve  to  indicate  the  possibility  of  im- 
proving this  type  of  soil. 
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IN  RECOGNITION 
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lea  of  tho  Amorlean  Rod  Cross.  It  Is  tho  pmposs  to  carry  on  to  complotloq 
this  groat  work  of  tlio  Illinois  Soil  Survor  in  tho  spirit,  and  along  tho 
gonsral  plan  and  linos  of  pvooeduiro,  In  wnish  it  Was  bsgun. 
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INTRODUCTORY  NOTE 

It  is  a  matter  of  common  observation  that  soils  vary  tremendously  in  their 
productive  power,  depending  upon  their  physical  condition,  their  chemical  com- 
XKMsition,  and  their  biological  activities.  For  any  comprehensive  plan  of  soil 
improvement  looking  toward  the  permanent  maintenance  of  our  agricultural 
lands,  a  definite  knowledge  of  the  various  existing  kinds  or  types  of  soil  is  a 
first  essential  It  is  the  purpose  of  a  soil  survey  to  classify  the  various  kinds  of 
soil  of  a  given  area  in  such  a  manner  as  to  permit  definite  characterization  for 
description  and  for  mapping.  With  the  information  that  such  a  survey  affords, 
every  farmer  or  land  owner  of  the  surveyed  area  has  at  hand  the  basis  for  a 
rational  system  of  improvement  of  his  land.  At  the  same  time  the  Experiment 
Station  is  furnished  an  inventory  of  the  soils  of  the  state,  upon  which  intelli- 
gently to  base  plans  for  those  fundamental  investigations  so  necessary  for  solving 
the  problems  of  practical  soil  improvement. 

This  county  soil  report  is  one  of  a  series  reporting  the  results  of  the  soil 
survey  which,  when  completed,  will  cover  the  state  of  Illinois.  Each  county 
report  is  intended  to  be  as  nearly  complete  in  itself  as  it  is  practicable  to  make 
it,  even  at  the  expense  of  some  repetition.  There  is  presented  in  the  form  of  an 
Appendix  a  general  discussion  of  the  important  principles  of  soil  fertility,  in 
order  to  help  the  farmer  and  land  owner  to  understand  the  significance  of  the 
data  furnished  by  the  soil  survey  and  to  make  intelligent  application  of  the  same 
in  the  maintenance  and  improvement  of  the  land.  In  many  cases  it  will  be  of 
advantage  to  study  the  Appendix  in  advance  of  the  soil  report  proper. 

Data  from  experiment  fields  representing  the  more  extensive  types  of  soil, 
and  furnishing  valuable  information  regarding  effective  practices  in  soil  man- 
agement, are  embodied  in  form  of  a  Supplement.  This  Supplement  should  be 
referred  to  in  connection  with  the  descriptions  of  the  respective  soil  types  found 
in  the  body  of  the  report. 
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LIVINGSTON  COUNTY  SOILS 
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LOCATION  AND  OUMATE  OF  UVmOSTON  COUNTY 

Livingston  county  is  located  in  the  northeast  quarter  of  Illinois.  Its 
north  boundary  lies  102  miles  south  of  the  Wisconsin  state  line,  and  its  east 
boundary  39  miles  west  of  the  Indiana  line.  The  county  is  made  up  of  28^ 
townships,  embracing  an  area  of  a  little  more  than  1,000  square  miles.  It  lies 
entirely  within  the  geological  area  known  as  the  early  Wisconsin  glaoiation. 
Practically  aU  the  land  is  tillable  and  over  90  percent  of  the  soil  is  of  prairie 
formation. 

The  climate  of  Livingston  county  is  characterized  by  a  wide  range  be- 
tween the  extremes  of  winter  and  summer.  The  greatest  range  of  any  year 
from  1887  to  1920  was  136  degrees,  in  1887.  The  lowest  temperature  recorded 
was  -26°;  the  highest,  110°.  The  average  date  of  the  last  killing  frost  in 
spring  is  May  1 ;  the  earliest  in  fall,  October  13.  The  length  of  the  growing 
season  therefore  is  about  164  days. 

The  average  annual  precipitation  for  the  county  from  1887  to  1920  was 
32.18  inches.  The  average  rainfall  by  months  for  this  period  was  as  follows 
January,  2.22  inches;  February,  1.73;  March,  2.64;  April,  3.28;  May,  3.85 
June,  3.34;  July,  2.88;  August,  2.82;  September,  3.36;  Ociober,  2.11 
November,  2.14 ;  December,  1.81.  The  proportion  of  total  rainfall  occurring 
during  each  season  was :  winter,  17.9  percent ;  spring,  30.4  percent ;  summer, 
28.1  percent;  autumn,  23.6  percent. 

AaRICTTLTUBAL  PRODUCTION 

Livingston  county  is  to  be  regarded  as  distinctly  agricultural,  with  al- 
most the  entire  county  tillable  land.  In  1920,  as  shown  by  the  Fourteenth 
Census  of  the  United  States,  there  were  3,726  farms,  these  farms  having  an 
average  of  170.9  acres  each,  165.5  acres  of  which  were  improved.  Of  these 
farms,  65.6  percent  were  operated  by  tenants,  which  was  a  decrease  in  ten- 
antry of  6.5  percent  in  ten  years  and  14.4  percent  in  the  last  twenty  years. 
According  to  this  report,  the  average  value  of  land  is  $312.79  per  acre,  it  rank- 
ing among  the  first  five  counties  of  the  state  in  this  respect. 

The  principal  crops  are  corn,  oats,  wheat,  pasture,  hay,  and  clover.  Small 
amounts  of  rye,  barley,  and  potatoes  are  grown.  The  Census  reports  the 
following  as  the  acreage  and  yield  of  the  more  important  crops.  It  must  be 
remembered  that  these  figures  are  for  but  a  single  year — that  of  1919. 


*J.  G.  Mosier,  in  charge  of  soil  survey  mapping  (Professor  Mosier  died  November  10, 
1922,  after  jwrtially  preparing  this  report) ;  S.  V.  Holt  and  F.  A.  Fisher,  in  charge  of  field 
party;  E.  E.  De  Turk,  in  charge  of  soil  analysis;  H.  J.  Snider,  in  charge  of  experiment 
fields;   L.  H.  Smith,  in  charge  of  publications. 
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Crops  Acreage  ProdMction 

Corn 258,890  10,079,598  bu. 

OatB 206,029  6,492,160  bu. 

Wheat 25,084  422,657  bu. 

Timothy 6,108  6,198  tons 

Timothy  and  clover  mixed 7,187  8,676  tons 

Clover  alone 10,015  11,349  tons 

Alfalfa 1,505  3,592  tons 

Silage  crops 2,411  19,264  tons 

Corn  for  forage 1,696  3,760  tons 

The  acreage  of  pasture  is  not  given  by  the  Census,  but  from  other  data 
it  is  found  to  be  approximately  100,000.  Within  the  past  few  years  the  soy- 
bean has  been  introduced,  and  this  crop  is  gradually  becoming  established  as 
one  of  the  staple  crops  of  the  region.  Likewise,  the  great  value  of  sweet 
clover  has  recently  become  recognized,  and  it  is  rapidly  taking  its  place 
among  the  more  important  crops  of  the  county. 

The  live-stock  interests,  including  those  of  the  dairy,  are  of  considerable 
importance,  as  is  shown  by  the  following  data,  also  taken  from  the  Census 
of  1920. 

Animals  and  animal  products  Number  Value 

Horses 30,196  $3,195,405 

Mules 1,870  237,229 

Beef  cattle  13,655  991,359 

Dairy  cattle 26,946  1,703,367 

Sheep 7,115  .        95,418 

Swine 53,542  1,165,914 

Poultry 466,533  470,628 

Eggs  and  chickens 1,120,361 

Dairy  products 808,347 

The  report  gives  the  total  value  of  the  live  stock  as  more  than  10^^  mil- 
lion dollars. 

Fruit  growing  is  of  very  little  importance  in  this  county.  About  32,000 
quarts  of  small  fruits  were  produced  in  1919.  The  total  production  of  apples, 
pears,  peaches,  and  cherries  amounted  to  about  4,800  bushels,  and  the  total 
crop  of  grapes  was  approximately  91,000  pounds. 

son.  FOKHATION 

The  most  important  period  in  the  geological  history  of  the  county  from  the 
standpoint  of  soil  formation  was  the  Glacial  period,  during  which  the  material 
that  later  formed  the  soils  was  being  deposited.  At  that  time,  snow  and  ice 
accumulated  in  the  region  of  Labrador  and  to  the  west  of  Hudson  Bay  to  such 
an  amount  that  the  mass  pushed  outward  from  these  centers,  chiefly  south- 
ward, until  a  point  was  reached  where  the  ice  melted  as  rapidly  as  it  advanced. 
In  moving  across  the  country  from  the  far  north,  the  ice  gathered  up  air  sorts 
and  sizes  of  material,  including  clay,  silt,  sand,  gravel,  boulders,  and  even 
immense  masses  of  rock.  Some  of  these  materials  were  carried  for  hundreds 
of  miles  and  rubbed  against  surface  rocks  and  against  each  other  until  largely 
ground  into  powder.  When,  thru  the  melting  of  the  ice,  the  limit  of  advance 
was  reached,  the  material  carried  by  the  glacier  accumulated  in  a  broad, 
undulating  ridge  or  moraine.    When  the  ice  melted  more  rapidly  than  the 
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glacier  advanced,  the  terminus  of  the  glacier  would  recede  and  the  material 
would  be  deposited  somewhat  irregularly  over  the  area  previously  covered. 

During  the  Qlacial  period  at  least  six  distinct  ice  advances  occurred  that 
were  separated  by  long  periods  of  time.  They  are  described  as  follows,  in 
the  order  of  their  occurrence: 

(1)  The  Nebraskan,  which  did  not  touch  Illinois;  (2)  the  Kansan,  which 
covered  the  western  parts  of  Hancock  and  Adams  counties;  (3)  the  lUinoisan, 
which  covered  all  of  the  state  except  the  northwest  county  (Jo  Daviess),  the 
southern  part  of  Calhoun  county,  and  the  seven  southernmost  counties;  (4) 
the  lowan,  which  covered  a  part  of  northern  Illinois,  the  exact  area,  however, 
being  diflScult  to  determine  because  of  the  effect  of  the  subsequent  glaciations ; 
(5)  the  early  Wisconsin,  which  covered  the  northeastern  part  of  the  state  as 
far  west  as  Peoria  and  as  far  south  as  Shelbyville;  (6)  the  late  Wisconsin, 
which  extended  to  the  west  line  of  McHenry  county  and  south  to  the  town 
of  Milford  in  Iroquois  county. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Qranites,  sandstones,  limestones,  shales,  etc.,  were 
torn  from  their  lodging  places  by  the  enormous  denuding  power  of  the  ice 
sheet  and  ground  up  together.  A  pressure  of  forty  pounds  per  square  inch 
is  exerted  by  a  mass  of  ice  one  hundred  feet  thick,  and  these  ice  sheets  were 
hundreds  or  possibly  thousands  of  feet  in  thickness.  The  material  carried 
along  in  the  ice,  especially  the  boulders  and  pebbles,  became  powerful  agents 
for  grinding  and  wearing  away  the  surface  over  which  the  ice  passed.  Pre- 
glacial  ridges  and  hills  were  rubbed  down,  valleys  were  filled  with  the  debris, 
and  the  surface  features  were  changed  entirely.  The  mixture  of  materials 
deposited  by  the  glacier  is  known  as  boulder  clay,  till,  glacial  drift,  or  simply 
drift.  The  average  depth  of  this  deposit  over  the  state  of  Illinois  is  esti- 
mated as  115  feet. 

Previous  to  the  ice  invasion,  this  region  generally  was  not  well  suited  to 
agriculture  because  of  its  rough  and  hilly  character,  as  is  shown  by  borings 
which  indicate  many  preglacial  valleys  that  later  were  filled  with  drift.  The 
general  effect  of  the  glaciers  was  to  change  the  surface  from  hilly  to  gently 
undulating.  Only  a  few  streams  have  done  anything  to  change  the  topography, 
and  these  in  only  very  limited  areas.  Most  of  the  streams  formerly  flowed 
in  broad,  swampy  sloughs  rather  than  in  distinct  valleys, 

THE  GLACIATIONS  OF  LIVINGSTON  COUNTY 

Livingston  county  was  entirely  covered  by  the  lUinoisan  glacier,  which 
partially  leveled  the  region  by  rubbing  down  the  hills  and  filling  the  valleys. 
The  county  was  covered  by  a  deposit  of  boulder  clay.  This  glacier  receded, 
and  a  long  period  elapsed,  during  which  a  soil  was  formed  from  the  glacial 
material  that  had  been  deposited.  This  is  the  Sangamon  soil  and  it  is  found 
only  in  deep  borings,  as  when  drilling  wells.  The  lowan  glacier  followed, 
but  so  far  as  is  known,  it  did  not  touch  this  county.  The  early  Wisconsin 
glacier  came  next,  and  covered  the  Illinoisan  drift,  building  up  three  moraines. 

The  first  or  oldest  moraine  is  the  Minonk  ridge,  which  is  a  part  of  the 
Bloomington  morainic  system.    This  ridge  is  from  one  to  three  miles  wide  and 
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crosses  the  southwest  purt  of  the  county  (see  drainage  map) .  The  next  moraine 
to  be  formed  was  the  Gayuga-Chatsworth  ridge,  which  is  really  one  moraine, 
tho  it  is  sometimes  spoken  of  as  two.  It  is  not  very  distinct  and  is  broken 
thru  by  the  Vermilion  river.  It  divides  into  two  ridges  for  a  short  distance 
in  the  south  part  of  the  county  in  Township  25  North,  Range  8  East,  but  unites 
again  in  Ford  county.  The  largest  and  most  important  moraine  of  the  county 
is  the  Marseilles,  which  enters  the  county  in  Township  30  North,  Range  5 
East,  swings  to  the  southeast  and  east  and  leaves  the  county  in  Township  29 
North,  Range  8  East.  This*  ridge  is  from  eight  to  ten  miles  wide  and  rises 
75  to  100  feet  above  the  land  at  the  outer  margin  of  the  Gayuga-Chatworth 
moraine.  It  was  pushed  against  the  Gayuga  moraine  where  for  some  distance 
the  two  moraines  apparently  form  a  single  ridge. 

The  glacial  drift  is  very  much  like  that  of  other  counties  in  this  region. 
It  consists  of  blue  boulder  clay  containing  beds  or  pockets  of  gravel  and  sand 
which  form  the  source  of  the  water  supply.  Altho  rock  outcrops  occur  along 
the  Vermilion  river,  the  average  thickness  of  the  drift  is  nearly  150  feet.  The 
greatest  depth  of  drift  found  thus  far  is  in  the  south  part  of  the  town  of 
OdeU,  where  it  is  360  feet  deep.  Three  and  one-half  miles  southwest  of  Odell 
the  drift  is  300  feet  deep.  Leverett,  who  has  studied  extensively  the  geology 
of  this  region,  says,  **  There  appear  to  be  buried  valleys  traversing  the  county 
whose  rock  floors  are  150  to  200  feet  below  the  general  level  of  the  rock  sur- 
face.   In  such  valleys  the  drift  is  300  feet  in  thickness." 

THE  ACTION  OF  WIND  AND  WATER 

The  deposit  of  glacial  drift  does  not  form  the  material  of  the  present  soil 
except  in  small  areas.  The  rock  flour  produced  by  the  grinding  action  of  the 
glaciers  has  been  reworked  by  the  wind  and  deposited  over  practically  all 
of  the  county  to  a  depth  of  12  to  40  inches.  This  wind-blown,  or  loessial, 
material  now  covering  the  level  and  less  rolling  areas,  has  been  transformed 
into  soil  by  weathering  and  the  accumulation  of  organic  matter.  There  is 
little  doubt  but  that  this  wind-blown  material  was  at  one  time  fairly  uni- 
formly deposited  over  the  exposed  surface,  but  it  has  subsequently  been  re- 
moved in  places  by  erosion,  so  that  the  boulder  clay  is  exposed  on  some  of 
the  more  rolling  areas. 

During  the  melting  of  the  glacier  the  streams  draining  this  area  were 
frequently  flooded,  moving  large  amounts  of  rather  coarse  material,  such  as 
sand  and  gravel.  This  was  deposited  in  the  valleys,  partly  filling  them.  Later 
the  streams  cut  down  thru  the  fill,  leaving  gravel  terraces.  This  gravel  was 
afterward  covered  with  the  fine  material  that  now  constitutes  the  soil.  These 
terraces  occur  principally  along  the  Vermilion  river.  During  the  melting  of 
the  late  Wisconsin  glacier  in  northern  Indiana  and  southern  Michigan,  some 
of  the  flood  waters  came  westward  across  Iroquois,  Ford,  and  Livingston  coun- 
ties, finding  their  way  into  the  Vermilion  river  and  thence  into  the  Illinois. 
These  floods  formed  the  broad  terraces  in  Townships  27  and  28  North,  Ranges 
5  and  6  East.  The  terrace  area  ends  at  the  rock  ridge  which  is  exposed  in 
the  bottom  of  the  river  in  Section  21,  northwest  of  Pontiac. 

A  large  glacial  lake,  known  as  Glacial  Lake  Morris,  which  formerly  cov- 
ered a  very  large  part  of  Grundy  county  and  extended  south  into  the  north- 
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eaatem  part  of  LivingBton  county  in  Township  30  Nortli,  Kanges  7  and  8 
East,  was  responsible  for  the  deposition  of  the  large  amount  of  black  oiay 
loam  in  that  region. 

PmraiOGRAPHY  AND  DRAINAGE 

In  general  Livingston  county  varies  in  topography  from  flat  to  rolling. 
There  is  no  large  amonnt  of  hilly  land  in  the  county,  and  the  small  area  that 
does  exist  is  found  as  bluSs  along  the  bottom  land  of  the  Vermilion  river. 
The  variations  in  topography  are  due  to  three  causes — the  action  of  streams, 
of  glaciers,  and  of  wind.  The  latter,  so  far  as  it  has  modified  topography,  has 
been  of  no  consequence  except  in  the  region  north  of  Pontiac,  where  a  few 
low  sand  dunes  have  been  produced  by  the  wind. 

All  the  land  of  the  county  drains  into  the  Illinois  river,  but  thru  various 
atreams.  The  northeastern  part,  comprizing  about  eight  townships,  is  drained 
by  tributaries  of  the  Mazon  river;  about  twelve  sections  in  the  southwest 
corner  have  their  outlet  thru  the  Mackinaw  river;  while  the  remainder  of 
the  county,  which  forms  a  broad,  flat  valley,  is  drained  by  the  Vermilion 
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river.  Formerly,  much  of  the  county  was  swampy,  and  contained  many  ponds 
that  rarely  became  dry.  The  extent  of  these  areas  is  indicated  generally  by 
the  amount  of  black  clay  loam.  This  district,  with  the  aid  of  dredge  ditches 
to  furnish  the  outlets,  has  been  thoroly  tile-drained  and  now  constitutes  ex- 
cellent agricultural  land.  The  crest  of  the  Marseilles  moraine  forms  the 
divide  between  the  Mazon  river  and  the  Vermilion  river.  The  Minonk  ridge 
is  the  divide  between  the  Vermilion  and  Mackinaw  rivers. 

The  altitude  of  Livingston  county  varies  from  831  feet  to  less  than  600 
The  following  figures  give  the  altitudes  of  certain  places  in  the  county 
Ancona,  630  feet ;  Blackstone,  738 ;  Budd,  705 ;  Campus,  653 ;  Cayuga,  691 
Charlotte,  668 ;  Chatsworth,  736 ;  Cornell,  629 ;  Dwight,  641 ;  Emington,  701 
Eylar,  698;  Fairbury,  686;  Flanagan,  676;  Forrest,  688;  Graymont,  657 
Healey,  718 ;  Lodemia,  658 ;  Long  Point,  641 ;  Manville,  617 ;  McDowell,  652 
Missal,  668 ;  Nevada,  680 ;  Odell,  721 ;  Pontiac,  647 ;  Risk,  747 ;  Rowe,  642 
Saunemin,  686;  Saxony,  696;  Scovel,  694;  Smithdale,  624;  Strawn,  768 
Sunbury,  660;  Swygert,  737;  Wilson,  615;  Wing,  658.  The  altitude  of  the 
Marseilles  moraine  is  from  740  to  755  feet.  The  highest  point  in  the  county, 
which  is  831  feet,  lies  in  the  Cayuga  ridge,  in  Section  5,  Township  25  North, 
Range  8  East. 

SOIL  TYPES 

The  soils  of  Livingston  county  are  divided  into  the  following  groups: 

(a)  Upland  Prairie  Soils,  including  the  upland  soils  that  have  not  been 
covered  with  forests,  at  least  for  any  great  length  of  time,  and  on  which  the 
luxuriant  growth  of  prairie  grasses  has  produced  relatively  large  amounts  of 
organic  matter. 

(b)  Upland  Timber  Soils,  including  nearly  all  the  upland  areas  that  are 
now,  or  were  formerly,  covered  with  forests. 

(c)  Terrace  Soils,  including  bench  lands,  or  second  bottom  lands,  formed 
by  deposits  from  overloaded  streams;  and  gravel  outwash  plains  formed  by 
broad  sheets  of  water  arising  from  the  melting  of  the  glaciers. 

(d)  Swamp  and  Bottom-Land  Soils,  including  the  overflow  lands  or  flood 
plains  along  streams,  the  swamps,  and  the  poorly  drained  lowlands. 

(e)  Residual  Soils,  including  rock  outcrop  areas,  and  soils  formed  in  place 
thru  weathering  of  rocks. 

Table  1  gives  a  list  of  the  soil  types  foimd  in  Livingston  county,  the  area 
of  each  type  in  square  miles  and  in  acres,  and  also  its  percentage  of  the  total 
area.  For  example,  we  learn  from  the  table  that  brown  silt  loam  occupies  about 
775  square  miles,  or  a  little  more  than  496,000  acres,  and  that  this  type  con- 
stitutes practically  75  percent  of  the  total  area  of  the  county.  The  accompany- 
ing map  shows  the  location  and  boundary  of  each  type  of  soil,  even  down  to 
areas  of  a  few  acres. 

For  explanations  concerning  the  classification  of  soils  and  the  interpreta- 
tion of  the  map  and  tables,  the  reader  is  referred  to  the  first  part  of  the  Appen- 
dix to  this  report. 
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Table  1. — Soil  Types  op  Livingston  County,  Ilunois 


SoU 


Name  of  t3rpe 


Area  in 

square 

miles 


Area 

in 
acres 


(a)     Upland  Prairie  Soils  (900,  1100) 


Percent 

of  total 

area 


26 

20 

60 

28. 

20 

28 

26 


-26.4 
-26.5 


Brown  silt  loam 

Black  clay  loam 

Brown  sandy  loam 

Brown  silt  loam  on  tight  clay 

Gravelly  black  clay  loam 

Brown-^y  silt  loam  on  tight  clay. 

Brown  silt  loam  on  gravel 

Brown  silt  loam  on  rock 


27 

66 

20 

36 

26.4 

61 

67 

28 

68 


Brown  silt  loam  over  gravel 

Brown  sandy  loam  over  gravel 

Black  clay  loam 

Yellow-^ay  silt  loam  over  gravel 

Brown  silt  loam  on  gravel 

Black  sandy  loam 

Yellow-gray  sandy  loam  over  gravel . 
Brown-gray  silt  loam  on  tight  clay. . . 
Brown-gray  sandy  loam  on  tight  clay 


13.39 

2.27 

1.27 

1.87 

.59 

.06 

.26 

.14 

.07 


19.91 


8,670 

1,453 

813 

1,197 

378 

32 

166 

89 

45 


12,743 


75.265 
15.906 
.956 
1.529 
.031 
.099 
.026 
.013 


93.826 


(b)     Upland  Timber  Soils  (900,  1100) 

-34 

Yellow-in*av  silt  loam 

18.92 

2.07 

.22 

12,109 

1,325 

141 

1  838 

-35 

Yellow  silt  loam 

202 

-64 

Yellow-gray  sandy  loam 

.021 

« 

21.21 

13,676 

2.061 

(c)     Terrace  Soils  (1500) 

1.300 
.220 
.123 
.181 
.057 
.005 
.026 
.013 
.007 


1.932 


(d)     Late  Swamp  and  Bottom-Land  Soils  (1400) 


54 
26 
01 
02 
13.6 


Mixed  loam 

Deep  brown  silt  loam 

Deep  peat 

Meoiimi  peat  on  clay . 
Muck  on  marl 


2.030 
.048 
.085 
.005 
.001 


2.175 


(e)     Residual  Soil  (000) 


—98     Stony  loam 


02 


13 


.002 


(f)     Miscellaneous 

Rock  quarries  and  gravel  pits . 

.05 

32     1 

.005 

Total 

1,029.75 

659,041 

100.000 

INVOICE  OF  PLANT  FOOD  IN  LIYINOSTON  COUNTY  SOILS 

SOIL  ANALYSIS 

The  composition  reported  in  the  accompanying  tables  is,  for  the  more  ex- 
tensive types,  the  average  of  several  analyses.  These  analyses  show  that  soils, 
like  most  things  in  nature,  are  variable ;  but  for  general  purposes  the  average 
may  be  considered  sufficient  to  characterize  the  soil  type. 

The  chemical  analysis  of  a  soil,  obtained  by  the  methods  here  employed, 
gives  the  invoice  of  the  total  stock  of  the  several  plant-food  materials  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  it  should  be  understood  that 
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the  rate  of  liberation,  as  explained  in  the  Appendix  (page  33),  is  governed  by 
many  factors. 

For  convenience  in  making  practical  application  of  the  chemical  analyses 
the  results  have  been  translated  from  the  percentage  basis  and  are  presented 
here  in  terms  of  pounds  per  acre.  In  this,  the  assumption  is  made  that  for  ordi- 
nary types  a  stratum  of  dry  soil  6%  inches  thick  weighs  2,000,000  pounds.  It 
is  recognized  that  this  value  is  only  an  approximation,  but  it  is  believed  that  it 
will  sufSce  for  the  purposes  intended.  It  is,  of  course,  a  simple  matter  to  con- 
vert these  fig^ures  back  to  the  percentage  basis  in  case  one  desires  for  any  purpose 
to  consider  the  information  in  that  form. 

THE  SURFACE  SOIL 

In  Table  2  are  reported  the  amount  of  organic  carbon  (which  serves  as  a 
measure  of  the  organic  matter) ,  and  the  total  quantities  of  nitrogen,  phosphorus, 
sulfur,  potassium,  magnesium,  and  calcium  contained  in  2  million  pounds  of  the 
surface  soil  (the  plowed  soil  of  an  acre  about  6%  inches  deep)  of  each  type  in 
Livingston  county. 

Because  of  the  extreme  variations  frequently  found  within  a  given  soil 
type  with  respect  to  the  presence  of  limestone  and  acidity,  no  attempt  is  made 
to  include  in  the  tabulated  results  figures  purporting  to  represent  the  average 
amounts  of  these  substances  present  in  the  respective  types.  Such  averages 
cannot  give  the  farmer  the  specific  information  he  needs  regarding  the  lime 
requirements  of  a  given  field.  Fortunately,  however,  very  simple  tests  which 
can  be  made  at  home  will  furnish  this  important  information,  and  these  tests  are 
described  on  pages  35  and  36  of  the  Appendix. 

The  variation  among  the  different  types  of  soil  of  Livingston  county  with 
respect  to  the  content  of  important  plant-food  elements  is  very  marked.  For 
example,  the  deep  peat  contains,  in  the  plowed  soil  of  an  acre,  more  than  fifteen 
times  as  much  nitrogen  as  the  yellow-gray  sandy  loam.  Comparing  the  deep 
peat  with  the  most  common  type  in  the  county,  we  find  about  five  times  as  much 
nitrogen  in  it  as  in  the  brown  silt  loam,  while  on  the  other  hand  the  brown  silt 
loam  contains  nearly  five  times  as  much  potassium  as  is  found  in  the  deep  peat 
The  supply  of  phosphorus  in  the  surface  soil  varies  from  640  pounds  per  acre 
in  the  yellow-gray  sandy  loam  over  g^ravel  to  2,010  pounds  in  the  deep  peat. 
A  sulfur  content  of  only  200  pounds  per  acre  is  found  in  the  yellow-gray  sandy 
loam  over  gravel,  while  in  an  equal  volume  of  deep  peat  the  analysis  shows 
2,500  pounds  of  this  element.  The  magnesium  varies  in  the  different  types  from 
less  than  3,000  to  more  than  16,000  pounds,  and  the  calcium  content  ranges 
from  3,500  to  nearly  40,000  pounds  per  acre. 

It  is  important  to  note  that  some  of  the  plant-food  elements  are  present  in 
very  limited  quantities  as  compared  with  crop  requirements.  Some  simple  com- 
putations are  of  interest  in  this  connection.  Assume,  for  example,  that  a  four- 
field  crop  rotation  of  wheat,  com,  oats,  and  clover  yields  50  bushels  of  wheat 
per  acre,  100  bushels  of  com,  100  bushels  of  oats,  and  4  tons  of  clover  hay.  These 
are  high  yields,  but  not  impossible  for  they  are  sometimes  obtained.  It  will  be 
found  that  the  most  prevalent  upland  soil  of  Livingston  county,  the  brown  silt 
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Tabli  2. — ^Plamt  Food  in  thb  Soils  of  Liyinqston  Countt,  Illinois:   Surfacb  Soil 
Average  pounds  per  acre  in  2  million  pounds  of  surface  soil  (about  0-6H  inches) 


SoU 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900, 1100) 


926 
1126 

1120 
1160 


[ 


928 
1128 
1120.2 
1128 


:!} 


1126.4 
1126.5 


Brown  silt  loam. 
Black  clay  loam. 


Brown  sandy  loam 

Brown  silt  loam  on  tight  clay 

Gravelly  black  clay  loam . . . 
Brown-gray  silt  loam  on 

tight  clay 

Brown  silt  loam  on  gravel . . 
Brown  silt  loam  on  rock 


63  770 

5  130 

1  050 

1  000 

38  010 

9  590 

64  100 

5  790 

1  470 

1  100 

39  730 

16  090 

40  400 

3  330 

650 

780 

27  500 

4  630 

55  690 

4  730 

1  080 

950 

41  870 

11  490 

87  120 

7  960 

1  780 

1  640 

29  160 

12  880 

44  160 
44  060 
48  380 

3  700 

3  740 

4  620 

1  020 
1  060 
1  260 

720 
860 
300 

45  580 
35  380 
28  720 

9  180 
8  260 
6  580 

10  840 
20  270 

6  680 

9  740 
22  660 

11  240 
8  440 

10  400 


(b)    Upland  Timber  Soils  (900, 1100) 


1134 
1185 

Yellow-gray  silt  loam 

Yellow  sQi  loam 

36  740 
20  620 
23  280 

3  310 
1  900 
1  740 

1  200 

1  100 

840 

850 
600 
660 

38  120 
38  920 
28  180 

6  480 
5  960 
4  060 

8  910 
8  260 

1164 

Yellow-gray  sandy  loam. . . . 

6  140 

(c)    Terrace  Soils  (1500) 


1527 
1566 

1520 
1536 

1526.4 

1561 

1567 

1528 

1568 


Brown  silt  loam  over  gravel 
Brown  sandy  loam  over 

gravel 

Black  clay  loam 

YeUow-cray  silt  loam  over 

gravel 

Brown  silt  loam  on  gravel. . 

Black  sandy  loam 

YeUow-gray  sandy  loam 

over  gravel 

Brown-gray  silt  loam  on 

tight  clay 

Brown-gray  sandy  loam  on 

tight  clay 


33  940 

3  000 

880 

640 

33  120 

5  920 

42  540 
See  f 

3  900 
gures  f  0 

1  040 
r  uplanc 

900 
black 

32  540 
;lay  loai 

5  960 
tt  (1120) 

43  990 
34  940 
73  500 

4  310 
3  280 
6  300 

1  380 

960 

1  520 

760 

940 

1  200 

34  200 

35  120 
29  760 

5  080 
8380 
9  000 

29  320 

2  520 

640 

200 

39  240 

2  880 

70  380 

6980 

1  300 

640 

38  720 

5  300 

43  600 

3  420 

740 

720 

25  260 

4  120 

7  360 

8  100 

9  970 
9  080 

15  660 

5  980 

11  700 

8  660 


(d)  Late  Swamp  and  Bottom-Land  Soils  (1400) 

1454 

Mixed  loam' 

1426 

Deep  brown  silt  loam 

85  300 
301  870 
161  290 
197  900 

6  820 
27  040 
13  890 
16  460 

1  540 

2  010 
1  380 
1  040 

1  340 

2  500 
2  220 
1  740 

46  140 
8  290 

15  690 
2  280 

13  700 
5  520 
7  180 
9  590 

16  860 

1401 

Deep  peat' 

39  790 

1402 
1413.6 

Mecuum  peat  on  clay' 

Muck  on  marl' 

17  800 
2  630 

1 

(e)  Residual  Soils  (000) 

098 

Stony  loam 

•  •  • 

LIMESTONE  AND  SOIL  ACIDITY.— In  connection  with  these  tabulated  data  it  should 
be  explained  that  the  figures  for  limestone  content  and  soil  acidity  are  omitted,  not  because 
of  any  lack  of  importance  of  these  factors  but  rather  because  of  the  peculiar  difficulty  of  Re- 
senting in  general  averages  adequate  information  concerning  the  limestone  requirement.  The 
limestone  requirement  for  soils  is  extremely  variable.  It  may  vary  from  farm  to  farm  and  even 
from  field  to  field.  Therefore  no  attempt  is  made  to  include  in  these  tables  figures  piuportiuR 
to  represent  for  the  various  types  the  limestone  content  or  the  soil  acidity  present.  The  neea 
for  limestone  should  be  determined  on  every  farm  and  for  each  field  individually.  Fortunately 
this  can  be  easily  done  by  the  simple  tests  described  in  the  Appendix  to  this  report^  pages  35 
and  36. 

'On  account  of  the  heterogeneous  character  of  mixed  loam,  chemical  analyses  are  not  in- 
cluded for  this  type. 

'These  amounts  are  based  upon  the  assumption  that  the  surface  stratum  contains  1  miUion 
pounds  of  soil,  an  estimate  which  is,  of  course,  very  crude. 

'Based  on  an  estimate  oi  l^i  million  poimds  of  soil  per  acre. 
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Table  3. — ^Plamt  Food  in  thb  Soils  of  LnriNGsroN  CouNTTy  Illinois:    Subsurfacb  Soil 
'  Average  pounds  per  acre  in  4  million  pounds  of  subsurface  soil  (about  6^20  inches) 


SoU 


Soil  type 


Total 
organic 
cuixm 


Total 
nitro- 
gen 


Total 
phos- 
phorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900,  1100) 


F 


926 
1126 

1120 


1160 
928.11 
1128.1/ 

1120.2 
1128 

1126.4 
1126.5 


Brown  silt  loam . 
Black  clay  loam. 


Brown  sandy  loam 

Brown  silt  loam  on  tight 
clay 

Gravelly  black  clay  loam . . . 

Brown-gray  silt  loam  on 
tight  day 

Brown  silt  loam  on  gravel . . 

Brown  silt  loam  on  rock, . . . 


74 
67 


710 
730 


47  980     4  340 


44 

78 

35 
59 
63 


330 
360 

840 
200 
160 


6  480 
6  380 


4  970 
6  720 

3  920 

5  560 

6  520 


1  580 

2  350 
1  120 


1  310 

2  560 

1  560 

1  880 

2  040 


1  380 
1  300 
1  280 


1  350 
1  680 

640 

1  160 

480 


78  900 
81  190 
55  220 


91  310 
63  680 

100  280 
70  600 
56  760 


25  770 
34  640 
12  390 

37  610 

26  320 

28  560 
19  840 
17  640 


19  510 
38  540 
18  100 

16  970 
38  800 

20  280 
15  480 
25  840 


(b)    Upland  Timber  Soils  (900,  1100) 


1134 
1135 
1164 


Yellow-gray  silt  loam 
Yellow  silt  loam 


Yellow-gray  sandy  loam — 


21 
18 


920 
560 


11  080 


2  700 
1  920 
1  080 


1  820 

2  000 
1  480 


1  060 
400 
720 


80  680 

81  160 
56  600 


19  580 

19  960 

7  920 


15  280 

16  680 
9  440 


(c)    Terrace  Soils  (1500) 


Brown  silt  loam  over  gravel 
Brown  sandy  loam  over 

gravel 

Black  clay  loam 

Yellow-gray  silt  loam  over 

gravel 

Brown  silt  loam  on  gravel. . 

Black  sandy  loam 

Yellow-gray  sandy  loam 

over  gravel 

Brown-gray  silt  loam  on 

tight  clay 

Brown-gray  sandy  loam  on 

tight  clay 


1527 
1566 

1520 
1536 

1526.4 

1561 

1567 

1528 

1568 


57  560 

5  160 

1  720 

1  080 

68  560  15  120 

61  440 

Seei 

5  880 
igures  f  ( 

1  800 
>r  uplan< 

1  480 
i  black  < 

66  120  13  960 

slay  loam  (1120) 

1 

32  300 
55  200 
70  800 

4  060 

5  960 
5  920 

1  900 

1  680 

2  240 

780 
1  640 
1  960 

69  820 
71  120 
59  840 

13  120 
20  560 
17  400 

18  720 

2  400 

1  200 

680 

62  840 

9  720 

31  040 

3  520 

2  040 

^  760 

81  760 

13  000 

30  240 

3  360 

1  120 

520 

53  280 

7  160 

16  720 
15  320 


16  420 

17  520 
24  320 

12  720 
19  980 

13  760 


(d)    Late  Swamp  and  Bottom-Land  Soils  (1400) 


1454 
1426 
1401 
1402 
1413.6 


Mixed  loam^ 

Deep  brown  silt  loam. 

Deep  peat' 

Meoiimi  peat  on  day' 
Muck  on  marl 


95  040 
742  540 
285  920 
117  240 


8  920 
56  840 
24  420 

9  560 


2  040 

3  060 
1  840 
1  840 


1  520 

51  960 

5  760 

3  320 


89  320 
10  340 
32  020 
65  160 


31  600 

9  860 

16  520 

40  200 


24  120 
61  560 
36  860 
85  560 


(e)    Residual  Soils  (000) 


098      IStonyloam 


LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


^On  account  of  the  heterogeneous  character  of  mixed  loam,  chemical  analyses  are  not  in- 
cluded for  this  t3rpe. 

'Amoimts  reported  are  for  2  million  poimds  of  deep  peat  and  medium  peat. 

loam,  contains  only  enough  total  nitrogen  in  the  plowed  soil,  that  is,  in  the  sur- 
face stratum,  0  to  6%  inches,  for  the  production  of  such  yields  to  supply  about 
ten  rotations. 

With  respect  to  phosphoinis,  the  condition  differs  only  in  degree,  this  soil 
containing  no  more  of  that  essential  element  than  would  be  required  for  about 
fourteen  crop  rotations  yielding  at  the  rates  suggested  above.    On  the  other 
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Table  4. — ^Plant  Food  in  the  Soils  of  Livingston  Countt,  Illinois:    Subsoil 
Average  pounds  per  acre  in  6  million  pounds  of  subsoil  (about  20-40  inches) 


Sou 


Soil  type 


Total 

organic 

carbon 


Total 
nitro- 
gen 


Total 

phos- 

jjhorus 


Total 
sulfur 


Total 
potas- 
sium 


Total 
magne- 
sium 


Total 
cal- 
cium 


(a)    Upland  Prairie  Soils  (900,  1100) 


926 
1126 

1120 


F 


1160 
928. 1\ 
1128.1/ 

1120.2 
1128 

1126.4 


Brown  silt  loam, 


Black  clay  loam 

Brown  sandy  loam 

Brown  silt  loam  on  tight 
clay 

Gravelly  black  clay  loam. . . 

Brown-gray  silt  loam  on 
tight  clay 

Brown  silt  loam  on  gravel.  . 


31  830 

3  770 

2  050 

1  450 

139  120 

80  270 

30  910 

3  630 

3  070 

1  050 

131  540 

76  270 

26  100 

2  490 

1  080 

1  290 

82  440 

19  080 

22  820 
42  600 

3  800 

4  020 

2  100 
2  700 

2  250» 
1  260 

170  400 
91  260 

93  580 
42  120 

24  240 
29  400 

3  360 
3  600 

2  640 
2  100 

1  020 
1  260 

157  080 
110  220 

61  920 
54  420 

105  870 
96  570 
18  990 

85  680 
57  900 

40  200 
75  960 


(b)    Upland  Timber  Soils  (900,  1100) 


1134 
1136 
1164 


Yellow-gray  silt  loam . 
Yellow  silt  loam 


Yellow-gray  sandy  loam. 


19  710 

3  150 

3  420 

1  140 

145  740 

49  950 

20  460 

2  220 

3  240 

300 

107  640 

109  200 

15  060 

1  320 

2  400 

1  620 

89  940 

18  180 

23  340 

170  400 

14  160 


(c)    Terrace  Soils  (1500) 


1527 
1566 

1520 
1536 

1526.4 

1561 

1667 

1628 

1668 


Brown  silt  loam  over  gravel 
Brown  sandy  loam  over 

gravel 

Black  clay  loam 

Yellow-gray  silt  loam  over 

gravel. 

Brown  silt  loam  on  gravel . . 

Black  sandy  loam 

Yellow-gray  sandy  loam 

over  gravel 

Brown-gray  silt  loam  on 

tight  clay 

Brown-gray  sandy  loam  on 

tight  clay 


35  820 

4  320 

2  160 

1  020 

103  740 

34  500 

28  740 

See 

3  840 
figures  f  < 

2  040 
}r  uplan< 

1  740 
i  black  ( 

94  020 
3lay  loan 

25  440 
I  (1120) 

18  270 
52  500 
27  360 

3  870 
6  180 
3  240 

3  240 
2  640 
2  520 

1  020 
1  260 
1  860 

99  720 

114  300 

91  020 

29  100 
38  340 
26  880 

9  840 

2  220 

2  220 

480 

86  340 

23  700 

24  360 

4  260 

3  240 

1  260 

122  520 

29  340 

19  980 

2  760 

1  380 

540 

83  160 

29  700 

23  340 
22  620 


26  220 
26  640 
35  700 

13  940 

28  800 

20  160 


(d)    Late  Swamp  and  Bottom-Land  Soils  (1400) 


1464 
1426 
1401 
1402 
1413.6 


Mixed  loam' 

Deep  brown  silt  loam . 

Deep  peat* 

Medium  peat  on  clay^ 
Muck  on  marl 


62  100 
889  800 
457  710 

70  500 


6  420 
69  600 
34  410 

4  140 


2  280 
2  820 

1  620 

2  700 


1  020 

153  570 

13  680 

3  780 


147 
14 
42 
95 


000 
220 
810 
520 


48  480 
19  050 
25  560 
90  540 


28  620 
154  350 

52  470 
588  480 


(e)  Residual  Soils  (000) 


098      IStonyloam 


LIMESTONE  AND  SOIL  ACIDITY.— See  note  in  Table  2. 


K)ne  sample  contained  51,780  pounds  of  sulfur  per  acre,  which  figure  is  excluded  from  the 
average  for  the  type.    See  explanation  on  page  18. 

>0n  account  of  the  heterogeneous  character  of  mixed  loam,  chemical  analyses  are  not  in-' 
eluded  for  this  t3rpe. 

'Amounts  reported  are  for  3  million  pounds  of  deep  peat. 

^Amounts  reported  are  for  3  million  pounds,  the  same  as  for  deep  peat.  For  explanation 
see  page  27. 

hand  the  amount  of  potassium  in  the  surface  layer  of  this  common  soil  type  is 
equivalent  to  that  which  v<rould  be  used  in  472  years  of  such  cropping  provided 
the  total  crops  were  to  be  removed  from  the  land;   or,  in  case  only  the  grain 
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were  removed,  this  amount  of  potassium  would  supply  such  crops  for  about 
30  centuries. 

These  general  statements  relating  to  the  total  quantities  of  these  plant-food 
materials  in  the  plowed  soil  of  the  most  prevalent  type  in  the  county  certaiidy 
emphasize  the  fact  that  the  supplies  of  some  of  these  necessary  dements  of 
fertility  are  extremely  limited  when  measured  by  the  needs  of  large  crop  yields 
for  even  one  or  two  generations  of  people. 

THE  SUBSURFACE  AND  SUBSOIL 

In  Tables  3  and  4  are  recorded  the  amounts  of  plant  food  in  the  subsur&ce 
and  the  subsoil  of  the  different  types.  It  should  be  remembered,  however,  that 
these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.  These  tables 
also  show  great  stores  of  potassium  in  the  prevailing  types  of  soil  but  only 
limited  amounts  of  nitrogen  and  phosphorus,  in  agreement  with  the  data  for  the 
corresponding  surface  samples. 

DESCRIPTION  OF  INDIVmUAL  SOIL  TYPES 

(a)  UPLAND  PRAIRIE  SOILS 

The  upland  prairie  soils  of  Livingston  county  cover  966.16  square  miles,  or 
93.8  percent  of  the  area  of  the  county.  They  usually  occupy  the  less  eroded 
areas  of  the  upland.  They  are  black  or  brown  in  color  owing  to  their  high  or- 
ganic-matter content.  This  land  was  originally  covered  with  prairie  grasses,  the 
partially  decayed  roots  of  which  have  been  the  main  source  of  the  organic  mat- 
ter. The  flat,  poorly  drained  areas  contain  the  greater  amounts  of  organic 
matter  owing  to  the  more  luxuriant  growth  of  the  grasses  that  grew  on  such 
areas  and  to  the  excessive  moisture  in  the  soil  which  provided  conditions  better 
adapt^  for  the  preservation  of  their  roots. 

Brown  Silt  Loam  (926,  1126) 

Brown  silt  loam  is  the  most  extensive  type  in  Livingston  county.  It  covers 
an  area  of  775.04  square  miles,  or  practically  75  percent  of  the  area  of  the 
county.  In  topography  it  varies  from  flat  to  slightly  rolling.  The  more  rolling 
phaise  is  found  in  the  northeast  part  of  the  county  and  on  the  Marseilles 
moraine. 

While  the  brown  silt  loam  is  primarily  a  prairie  type,  timber  has  recently 
invaded  it  to  a  slight  extent  in  some  localities.  The  trees  found  on  the  timbered 
brown  silt  loam  are  usually  bur  oak,  wild  cherry,  black  walnut,  ash,  and  elm,  but 
their  occupation  of  the  soil  has  not  been  sufficiently  long  to  change  its  character 
to  any  great  extent. 

In  general  the  various  strata  of  this  type  are  formed  from  wind-blown 
loessial  material,  from  boulder  clay,  or  from  material  deposited  in  shallow  water. 
A  peculiar  phase  of  the  brown  silt  loam  in  this  county  is  found  on  the  moraines, 
where  as  a  consequence  of  the  removal  of  part  of  the  fine  loessial  material  the 
glacial  drift  is  encountered  at  less  than  30  inches  from  the  surface ;  sometimes 
it  ^ven  outcrops.  On  the  steeper  parts  of  the  moraines  erosion  has  taken  place 
to  such  an  extent  that  the  brown  soil  is  nearly  all  washed  away  and  these  areas, 
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if  of  sufficient  size,  are  mapped  as  a  different  type,  such  as  yellow  silt  loam  (-35) 
if  very  steep,  or  yellow-gray  silt  loam  ( — 34)  if  not  so  steep.  Many  such  areas 
are  too  small  to  be  represented  on  the  map.  In  general  the  brown  silt  loam  of 
the  moraines  (926),  containing  as  it  does  less  organic  matter  than  the  average, 
is  affected  to  some  extent  by  the  tighter  subsoil  formed  by  the  glacial  drift.  If 
the  drift  is  rather  compact,  as  is  occasionally  the  case,  the  subsoil  is  somewhat 
inferior,  owing  to  interference  with  drainage.  This  condition  is  indicated  by 
a  grayish  color  appearing  after  the  soil  becomes  dry  following  a  rain.  Fortu- 
nately, however,  this  condition  does  not  occur  very  frequently  nor  does  it  include 
large  areas,  since  most  of  the  glacial  drift  is  pervious  and  some  is  even  gravelly. 

Large  areas  of  the  county  were  at  one  time  covered  by  temporary  lakes. 
In  these  lakes  a  deposit  of  rather  fine-grained  day  was  made  which  was  later 
covered  by  ordinary  soil  material.  In  this  way  a  rather  heavy  subsoil  was 
formed  somewhat  to  the  detriment  of  the  drainage.  This  heavy  phase  merges 
into  the  condition  represented  by  the  type  mapped  as  brown  silt  loam  on  tight 
clay  ( — ^28.1),  a  typical  area  of  which  occurs  on  Cayuga  ridge. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  varying  from  a  yellow- 
ish brown  on  the  more  rolling  areas  to  a  dark  brown  or  black  on  the  more  nearly 
level  and  poorly  drained  tracts.  In  physical  composition  it  varies  to  some  ex- 
tent, but  it  normally  contains  from  55  to  75  percent  of  the  different  grades  of 
silt.  In  the  lower  areas  the  proportion  of  clay  is  usually  higher  than  on  the 
more  rolling  parts,  where  a  perceptible  amount  of  sand  may  occur.  With  the 
flooding  of  some  parts  of  the  county  during  the  time  of  the  melting  of  the 
glacier,  more  or  less  sand  was  carried  in  and  deposited  on  the  shores  of  the 
flooded  parts.  Some  of  this  sand  was  later  carried  to  the  higher  lands  by  the 
wind  and  became  mixed  with  the  soil,  forming  a  sandy  loam  or  a  sandy  phase 
of  the  silt  loam. 

The  organic-matter  content  of  the  surface  soil  varies  from  4  to  7  percent, 
depending  on  topography,  and  averages  about  5.4  percent,  or  54  tons  per  aare. 
In  small  areas  on  the  more  rolling  parts  of  the  moraines  erosion  has  occurred 
to  such  an  extent  that  the  organic  matter  is  rather  low. 

The  natural  subsurface  is  represented  by  a  stratum  which  varies  from  4  to 
18  inches  in  thickness.  This  variation  is  due  either  to  erosion,  or  to  the  fact 
that  shallower-rooting  grasses  usually  grew  on  the  higher  and  better  drained 
land,  or  perhaps  to  both  of  these  causes.  Erosion  has  removed  some  of  the  sur- 
face soil  from  the  steeper  parts  and  deposited  it  on  the  lower  land,  thus  leaving 
a  thinner  layer  of  the  dark  soil  in  one  case  and  producing  a  thicker  one  in  the 
other.  The  physical  composition  of  the  subsurface  varies  in  somewhat  the  same 
manner  as  the  surface  soil.  In  some  parts,  especially  on  the  moraines,  glacial 
tiU  constitutes  a  part  or  all  of  the  subsurface.  The  organic-matter  content  of 
the  subsurface  (6%  to  20  inches)  is  about  3.1  percent,  or  62  tons  per  acre.  In 
color  this  stratum  varies  from  a  dark  brown  or  almost  black  to  a  yellowish 
brown,  always  changing  to  a  lighter  color  with  increasing  depth. 

The  natural  subsoil  begins  at  a  depth  of  12  to  22  inches  and  extends  to  an 
indefinite  depth.  It  varies  from  a  yellow  to  a  drabbish  yellow,  silty,  clayey 
material,  sometimes  composed  partially  or  even  wholly  of  boulder  clay.  In 
the  flat  areas,  however,  not  subject  to  erosion  but  where  material  has  been 
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washed  in  from  the  higher  surrounding  land,  the  subsoil  to  a  depth  of  40  inches 
may  not  reach  the  boulder  clay.    The  average  depth  to  till  is  about  36  inches. 

Management. — ^When  the  virgin  brown  silt  loam  was  first  cropped  it  was 
in  fine  tilth,  it  worked  easily,  and  large  crops  could  be  grown  with  much  less 
work  than  now.  Continuous  cropping  to  com  or  to  com  and  oats,  with  the 
burning  of  com  stalks,  stubble,  grass,  and  even  straw  in  many  cases,  has  in  a 
great  measure  destroyed  the  tilth,  so  that  the  soil  becomes  more  difficult  to 
work,  washes  badly,  runs  together,  and  bakes  more  readily  than  formerly.  Un- 
less the  moisture  conditions  are  very  favorable,  the  ground  will  plow  up  cloddy, 
with  the  result  that  unless  well-distributed  rains  follow,  a  good  seed  bed  is 
difficult  to  produce.  The  clods  may  remain  all  season.  Much  plant-food  ma- 
terial will  be  locked  up  in  them,  and  the  best  results  cannot  be  obtained.  This 
condition  of  poor  tilth  may  become  serious  if  the  present  methods  of  manage- 
ment continue;  in  some  cases  it  is  already  one  of  the  factoid  that  limit  crop 
yields.  The  remedy  is  to  use  a  rotation  which  includes  a  clover  crop  and  to 
increase  the  organic-matter  content  by  plowing  under  every  available  form  of 
vegetable  material,  such  as  farm  manure,  com  stalks,  straw,  clover,  stubble,  and 
even  weeds.  Fresh  organic  matter  is  not  only  of  great  value  in  improving  the 
physical  condition  of  this  type  of  soil,  but  it  is  also  important  because  of  its 
nitrogen  content.  Furthermore,  as  it  decays  it  liberates  mineral  plant-food  ele- 
ments such  as  potassium,  of  which  there  is  an  inexhaustible  supply  in  the  soil, 
and  phosphorus  from  the  phosphate  contained  in  or  applied  to  the  soil. 

The  deficiency  of  organic  matter  in  the  soil  is  shown  by  the  way  the  fall- 
plowed  land  runs  together  during  the  winter,  or  at  any  time  when  heavy  rains 
occur.  In  the  spring  following  fall  plowing,  the  land  should  be  disked  early  and 
deep  for  the  purpose  of  conserving  moisture,  raising  the  temperature,  and  mak- 
ing plant  food  available. 

On  most  of  the  brown  silt  loam  in  Livingston  county,  limestone  is  already 
becoming  deficient  in  the  upper  strata,  altho  it  usually  exists  in  considerable 
quantity  in  the  subsoil.  If  the  tests  for  carbonates  and  acidity  described  in  the 
Appendix,  pages  35  and  36,  indicate  the  need  of  limestone,  or  if  because  of  lime 
deficiency  such  crops  as  sweet  clover  and  alfalfa  fail  to  grow  well,  an  application 
of  about  2  tons  of  limestone  per  acre  is  recommended. 

Rock  phosphate  has  been  used  on  many  farms  in  Livingston  county  with  . 
apparently  very  beneficial  results.  The  results  of  the  field  experiments  in  the 
use  of  this  material  will  be  found  in  the  Supplement.  In  applying  rock  phos- 
phate not  less  than  one-half  ton  per  acre  should  be  used  as  the  initial  applica- 
tion, with  a  half -ton  for  each  subsequent  crop  rotation.  Under  such  treatment 
the  phosphorus  content  of  the  soil  will  be  gradually  increased  so  that  the  time 
will  come  when  the  applications  may  be  discontinued  for  a  time.  At  just  what 
point  the  law  of  diminishing  returns  comes  into  effect  remains  for  experience 
to  determine. 

Suggestions  for  practical  systems  of  cropping  will  be  found  in  the  discus- 
sion of  crop  rotations  in  the  Appendix,  on  page  42.  For  the  results  of  actual 
field  experiments  in  improving  the  soil  of  the  brown  silt  loam  type  the  reader 
is  referred  to  pages  45  to  54  of  the  Supplement. 
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Black  Clay  Loam  (920, 1120) 

Black  day  loam  represents  the  flat  prairie  land  that  was  formerly  swampy. 
It  is  sometimes  called  ''gumbo''  because  of  its  sticky  character.  Its  occurrence 
in  the  flat,  poorly  drained  areas  is  due  to  the  accumulation  of  organic  matter 
and  to  the  washing  in  of  day  and  fine  silt  from  the  higher  areas. 

Black  clay  loam  presents  many  variations.  It  may  change  with  a  difference 
of  only  a  foot  or  two  in  elevation.  In  this  county,  as  elsewhere,  the  boundary 
lines  between  the  black  clay  loam  and  the  brown  silt  loam  are  not  always  dis- 
tinct. Sometimes  on  the  border  between  these  two  types  the  subsoil  is  distinctly 
that  of  black  day  loam,  while  the  surface  soil  is  very  silty,  or  is  a  good  brown 
silt  loam.  The  washing  in  of  silty  material  from  the  surrounding  higher  lands, 
especially  near  the  edges  of  the  areas,  modifies  the  character  of  the  soil,  giving 
it  a  brown  silt  loam  surface.  With  the  annual  cultivation  of  the  soil,  this  change 
is  taking  place  more  rapidly  now  than  formerly  when  washing  was  largdy  pre- 
vented  by  prairie  grasses.  Many  small  areas  of  black  day  loam  in  the  more 
rolling  parts  are  being  slowly  buried  by  this  process. 

This  type  is  very  widely  distributed  over  the  county,  as  is  shown  by  the  fact 
that,  aside  from  the  timber  and  terrace  areas  where  this  type  would  be  expected 
to  occur  only  rarely,  there  are  but  ten  sections  that  do  not  have  an  area  of 
black  clay  loam  large  enough  to  map.  It  occurs  in  areas  that  were  formerly 
sloughs  and  ponds,  and  even  in  the  small  kettle-hole  ponds  on  the  moraines, 
altho  most  of  these  are  so  small  that  they  cannot  be  shown  on  the  map.  There 
are  many  large  areas  of  the  type,  as  in  Township  30  North,  Ranges  7  and  8 
East,  Township  27  North,  Bange  7  East,  and  a  strip  eight  or  ten  miles  wide 
west  of  the  Vermilion  river.  Altogether  this  type  covers  an  area  of  163.79 
square  miles,  or  about  16  percent  of  the  total  area  of  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  black,  plastic,  granular,  clay  loam 
var3dng  locally  to  a  black  clayey  silt  loam,  or  even  to  a  black  sandy  clay  loam 
which  may  contain  gravd.  These  variations  in  physical  composition  occur  as 
the  type  merges  into  other  types.  In  some  places  that  were  formerly  doughs, 
the  water  has  deposited  gravel  in  sufficient  abundance  to  form  what  is  mapped 
as  gravelly  black  day  loam  ( — ^20.2).  Recent  erosion  has  occasionally  covered  the 
black  day  loam  with  several  inches  of  dark  or  black,  silty  material,  which  often 
makes  it  difficult  to  draw  the  soil  boimdary.  If  erosion  continues,  as  it  un- 
doubtedly will,  the  soil  boundary  may  be  changed  entirely  by  the  burying  of 
the  black  day  loam  with  brown  silt  loam.  The  organic-matter  content  varies 
from  5.1  to  10.6  percent,  with  an  average  of  6.2  percent  or  62  tons  per  acre. 
The  organic  matter  in  the  kettle-hole  depressions  on  the  moraines  is  sometimes 
very  high. 

The  natural  subsurface  stratum  has  a  thickness  of  10  to  20  inches.  It 
varies  from  a  black  to  a  brownish  drab  clay  loam  and  is  usually  somewhat 
heavier  than  the  surface  soil.  It  grades  into  a  dull  yellow  or  a  drabbish  or  olive- 
colored  material  with  increasing  depth.  The  average  organic-matter  content 
of  the  stratum  sampled  (6%  to  20  inches)  is  about  3  percent,  or  60  tons  i>er 
acre.  The  stratum  is  usually  rather  pervious  to  water,  owing  to  jointing  or 
checking  from  shrinkage  in  times  of  drouth,  to  the  penetration  of  plant  roots, 
and  to  the  action  of  crayfish  and  other  animals.    Some  exceptions  to  this  are 
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found  where  it  grades  toward  brown-gray  silt  loam  on  tight  clay  (1128)  and 
brown  silt  loam  on  tight  clay  (1128.1).  Here  the  lower  strata  become  some- 
what impervious  and  drainage  is  slow. 

The  subsoil  to  a  depth  of  40  inches  varies  in  composition  from  a  clayey  silt 
to  a  very  heavy  clay,  and  in  color  from  a  dull  drabbish  yellow  to  drab  or  olive. 
Areas  of  the  heavier  phase  are  found  in  Townships  29  and  30  North,  Ranges  4 
and  5  East.  Because  of  poor  natural  drainage,  the  iron  in  the  subsoil  is  not 
highly  oxidized.  Concretions  of  calcium  carbonate  are  frequently  found.  The 
perviousness  of  the  subsoil  is  about  the  same  as  that  of  the  subsurface  and  is 
due  to  the  same  causes.  When  thrown  out  on  the  surface  where  wetting  and 
drying  may  take  place,  this  clayey  material  soon  breaks  into  small,  irregular 
masses  about  one-fourth  to  one-half  inch  square  in  section. 

Management. — Drainage  is  the  first  requirement  in  the  management  of  this 
type  and,  if  the  outlet  is  obtainable,  this  may  usually  be  effected  with  little 
diflSculty.    Thoro  drainage  helps  to  keep  the  soil  in  good  physical  condition. 

After  the  organic  matter  is  necessarily  destroyed  by  the  process  of  nitrifica- 
tion, and  after  the  limestone  is  removed  by  cropping  and  leaching,  the  physical 
condition  of  the  soil  becomes  poorer,  and  as  a  consequence  more  difficult  to  work. 
Both  organic  matter  and  limestone  tend  to  develop  granulation  and  mellowness, 
which  are  very  essential  with  heavy  soils.  The  organic  matter  should  be  main- 
tained by  turning  under  manure  and  such  crop  residues  as  com  stalks  and 
straw,  and  by  the  use  of  clover  and  pasture  in  rotations. 

In  many  cases  the  use  of  limestone  will  probably  be  of  little  or  no  value  on 
this  soil  because  the  subsoil  and  subsui*face  are  naturally  charged  with  carbon- 
ates, and  in  some  instances  even  the  surface  soil  contains  carbonates.  Because 
of  exceptions  to  these  conditions,  however,  it  is  recommended  that  the  tests  for 
acidity  and  carbonates  described  in  the  Appendix,  pages  35  and  36,  be  made; 
and  if  carbonates  are  not  found  within  a  foot  of  the  surface,  a  moderate  applica- 
tion of  limestone,  about  2  tons  per  acre,  should  be  made. 

Altho  the  black  clay  loam  is  one  of  the  most  productive  soils  in  the  state, 
it  has  a  tendency  to  shrink  and  expand  to  such  a  degree  as  to  be  objectionable 
at  times,  especially  during  drouth.  This  results  in  the  formation  of  cracks, 
which  are  sometimes  as  much  as  two  or  more  inches  in  width  at  the  surface  and 
extend  with  lessening  width  to  two  or  three  feet  in  depth.  These  cracks  allow 
the  soil  to  dry  out  rapidly,  and  as  a  result  the  crop  is  injured  thru  lack  of 
moisture.  They  do  much  damage  by  ** blocking  out''  hills  of  com  and  severing 
the  roots.  While  cracking  may  not  be  prevented  entirely,  good  tilth  with  a  swl 
mulch  will  do  much  toward  that  end.  Cultivation  is  more  essential  on  this  type, 
both  for  aeration  and  for  the  conservation  of  moisture,  than  on  almost  any 
other  type  in  the  county.  It  must  be  remembered,  however,  that  cultivation 
should  be  as  shallow  as  possible  in  order  to  prevent  injury  to  the  roots  of  the 
growing  crop.     (See  Bulletin  181.) 

Occasional  small  patches  of  alkali  soil  are  found  in  areas  of  black  day 
loam.  These  spots  are  indicated  by  the  fact  that  oats  lodge  badly  and  com 
makes  a  poor  growth,  usually  turning  yellow  or  brown.  If  the  amount  of 
alkali  is  large,  the  com  may  not  grow  to  a  height  of  more  than  two  or  three 
feet  and  will  have  a  bushy  appearance.     Even  if  it  reaches  almost  normal 
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height,  it  does  not  produce  much  grain.  The  fragments  of  shells  that  are  fre- 
quently found  are  indications  of  alkali.  A  sweet  clover  crop  turned  under  is 
probably  the  best  remedy.    Qood  underdrainage  should  be  provided. 

Brown  Sandy  Loam  (960,  1160) 

The  brown  sandy  loam  of  the  upland  is  confined  principally  to  four  areas, 
as  follows:  Townships  29  and  30  North,  Range  8  East;  Township  28  North, 
Bange  8  East;  Township  25  North,  Ranges  7  and  8  East;  and  Township  28 
North,  Bange  5  East.  In  the  formation  of  this  type  it  seems  probable  that  at 
one  time  the  sand  was  laid  down  on  the  shore  lines  of  old  lakes  and  was  later 
reworked  to  some  extent  by  the  wind.  Other  types  of  soil  lying  in  proximity 
to  the  brown  sandy  loam  contain  more  sand  than  normally  occurs.  The  total 
area  of  brown  sandy  loam  in  the  county  is  9.85  square  miles  or  6,304  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  varying  in  color 
from  light  brown  to  black,  and  in  physical  composition  from  a  loam  with  about 
50  percent  of  sand  to  a  very  sandy  loam  carrying  75  percent,  or  slightly  more, 
of  sand.  A  representative  sample  would  contain  from  60  to  65  percent  of 
sand,  mostly  of  medium  grade.  Many  small  areas  of  sand  are  found  in  this 
type  but  they  are  too  small  to  be  shown  separately  on  the  map.  The  organic- 
matter  content  is  about  3.2  percent,  or  32  tons  per  acre. 

The  natural  subsurface  stratum  varies  in  thickness  from  7  to  12  inches, 
and  in  color  from  dark  brown  to  brownish  yellow,  usually  passing  into  a  yellow 
sandy  silt  or  silty  sand  in  the  lower  part  of  the  stratum.  In  physical  composi- 
tion it  varies  even  more  than  the  surface  layer.  The  organic-matter  content 
of  the  stratum  sampled  (6%  to  20  inches)  is  about  1.7  percent,  or  34  tons  per 
acre. 

The  subsoil  varies  both  in  color  and  in  physical  composition.  The  color 
may  be  a  bright  yellow  under  conditions  of  good  drainage,  or  a  grayish  yellow 
where  the  water  table  has  been  rather  high.  In  composition,  it  may  be  sand, 
sandy  silt,  or  sandy  clayey  silt. 

Management. — The  type  is  not  very  well  supplied  with  plant  food.  In 
order  to  increase  the  nitrogen  and  organic  matter,  legumes  must  be  grown, 
manure  should  be  applied,  and  crop  residues  plowed  under.  Before  clovers 
can  be  grown  at  their  best,  limestone  to  the  amount  of  2  or  3  tons  per  acre 
should  be  applied. 

According  to  the  analytical  data  given  in  Tables  2,  3,  and  4,  brown  sandy 
loam  is  among  the  poorest  in  phosphorus  of  all  the  soil  types  in  the  county, 
which  fact  suggests  that  sooner  or  later  provision  must  be  made  for  correcting 
this  deficiency.  Unfortunately  the  Experiment  Station  has  no  experiment  field 
on  this  particular  soil  type  from  which  information  might  be  drawn  regarding 
the  best  form  of  phosphatic  material  to  apply.  The  low  organic  content  of  this 
type  of  soil  would  suggest  a  possible  advantage  in  using  a  directly  available 
form  of  phosphate,  such  as  steamed  bone  meal  or  acid  phosphate.  One  hundred 
pounds  of  steamed  bone  meal  or  200  pounds  of  acid  phosphate  of  good  quality 
will  return  to  the  soil  as  much  of  the  element  phosphorus  as  is  contained  in  50 
bushels  of  wheat  or  70  bushels  of  com.  Alfalfa  and  soybeans  ought  to  do  well 
on  this  soil. 
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Brown  Silt  Loam  on  Tight  Clay  (928.1,  1128.1) 

Brown  silt  loam  on  tight  clay  occurs  on  the  northern  half  of  Cayuga  ridge 
in  broken  or  disconnected  areas.  The  type  covers  an  area  of  15.74  square  miles, 
or  1.5  percent  of  the  area  of  the  county. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  which  shows  a  gray 
color  when  it  dries  after  a  rain.  The  color  is  not  uniform  but  yaries  so  as  to 
give  the  field  a  spotted  appearance.  The  stratum  contains  about  4.8  percent  of 
organic  matter,  or  48  tons  per  acre. 

The  natural  subsurface  soil  is  a  layer  from  4  to  18  inches  thick  consisting 
of  a  brown  silt  loam  which  passes  into  a  compact,  brownish  yellow,  impervious 
material.  The  stratum  sampled  (6%  to  20  incheij)  contains  about  1.9  percent  of 
organic  matter. 

The  subsoil  consists  of  yellowish  or  drabbish  yellow  compact  material  that 
does  not  permit  the  ready  passage  of  air  or  water.  The  origin  of  this  tight  sub- 
soil is  difficult  to  explain.  A  similar  case  occurs  in  Iroquois  coimty,  where  there 
is  little  doubt  but  that  the  subsoil  was  deposited  in  a  shallow  lake.  One  pos- 
sible explanation  is  that  the  material  composing  this  tight  stratum  may  have 
been  deposited  during  a  period  of  recession  of  the  glacier.  When  the  glacier 
advanced,  this  material  was  pushed  forward,  and  upon  the  melting  of  the  ice 
was  deposited  upon  the  moraine,  where  it  has  been  subsequently  covered  by  a 
few  inches  of  wind-blown  material  which  now  constitutes  the  soil. 

One  of  the  samples  of  subsoil  collected  showed  an  extremely  high  sulfur 
content  amoimting  to  51,780  pounds  per  acre.  Upon  resampling  this  area,  a 
thin  deposit  of  white  substance  was  found  at  a  depth  of  35  to  40  inches  which, 
upon  chemical  examination,  appeared  to  be  calcium  sulfate.  Since  this  seemed 
to  be  a  local  abnormality,  the  sulfur  determination  for  this  sample  is  excluded 
from  the  average  given  in  Table  4. 

Management. — This  type  is  lacking  in  limestone  in  the  upper  two  strata, 
but  the  subsoil  seems  to  contain  a  considerable  supply  of  this  material.  For 
legumes,  it  is  therefore  necessary  to  apply  limestone.  Sweet  clover  is  the  best 
legume  to  grow,  as  its  roots  have  the  greatest  power  of  penetration,  even  greater 
than  those  of  alfalfa. 

Gravelly  Black  Clay  Loam  (1120.2) 

Much  of  the  black  clay  loam  contains  some  gravel,  but  only  in  a  few  places 
is  the  gravel  sufficiently  abundant  to  form  the  type,  gravelly  black  day  loam, 
in  areas  large  enough  to  be  shown  as  such  on  the  map.  Small  areas  of  an  acre 
or  two  are  frequently  met.  The  type  occurs  principally  in  places  that  were 
formerly  sloughs  containing  streams  which  at  times  became  swift  currents.  The 
total  area  of  gravelly  black  clay  loam  as  mapped  is  205  acres,  and  it  is  confined 
mostly  to  Township  27  North,  Range  6  East. 

The  surface  soil,  0  to  6%  inches,  is  a  black,  granular,  plastic,  gravelly  day 
loam  with  some  sand.  The  content  of  gravel  varies  from  20  to  30  percent 
Most  of  the  pebbles  are  smaller  than  a  half  inch  in  diameter.  This  stratum  con- 
tains about  7.5  percent  of  organic  matter,  or  75  tons  per  acre. 

The  natural  subsurface  is  a  layer  from  8  to  14  inches  in  thickness.  It  dif- 
fers but  little  from  the  surface  except  that  it  becomes  lighter  in  color  with  in- 
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creasing  depth  until  it  passes  into  a  drab  or  a  grayish  yellow.  The  organic 
matter  of  the  sample  collected  (6%  to  20  inches)  was  approximately  3.4  per- 
cent, or  68  tons  per  acre. 

The  natural  subsoil,  extending  to  40  inches,  is  somewhat  more  variable 
than  the  other  strata  but  is  usually  a  silty  clay  with  sand  and  gravel.  It  con- 
tains about  1.2  percent  of  organic  matter. 

Management — This  type  is  well  supplied  with  the  elements  of  plant  food. 
It  should  be  managed  in  the  same  manner  as  the  black  clay  loam  (-20). 

Brown-Gray  Silt  Loam  on  Tight  Clay  (928,  1128) 

Brown-gray  silt  loam  on  tight  clay  is  widely  scattered  over  the  county,  but 
it  usually  occurs  in  small  areas.  Many  spots  of  this  type,  too  small  to  be  shown 
on  the  map,  are  included  in  areas  of  brown  silt  loam  ( — ^26).  These  spots  usually 
occur  as  shallow  depressions.  The  total  area  in  this  county,  as  mapped,  amounts 
to  just  about  one  square  mile. 

The  surface  soil,  0  to  6%  inches,  varies  from  a  grayish  brown  to  brown  silt 
loam.    It  contains  about  3.8  percent  of  organic  matter,  or  38  tons  per  acre. 

The  natural  subsurface  is  a  layer  from  6  to  12  inches  thick.  It  is  a  gray 
to  brownish  gray  silt  loam  with  about  1.5  percent  of  organic  matter  in  the 
stratum  sampled  (6%  to  20  inches). 

The  subsoil  is  a  brownish  yellow  clay,  tough,  plastic,  and  impervious. 

Management. — ^Drainage  is  very  necessary  in  the  improvement  of  this  type, 
but  the  impervious  character  of  both  subsurface  and  subsoil  makes  this  land 
rather  difficult  to  drain.  The  lines  of  tile  must  be  placed  much  closer  than 
in  the  draining  of  brown  silt  loam  ( — 26). 

The  type  is  rather  meagerly  supplied  with  the  elements  of  plant  food  and 
it  appears  to  be  acid  in*  the  surface  stratum.  The  growing  of  legumes  and  the 
turning  under  of  manure  and  crop  residues  will  supply  nitrogen,  but  in  order 
to  secure  the  best  growth  of  legumes  limestone  should  be  applied.  Sweet  clover 
is  recommended  as  one  of  the  best  crops  to  grow.  After  these  needs  are  satisfied 
probably  phosphorus  will  prove  to  be  beneficial. 

Brown  Silt  Loam  on  Gravel  (1126.4) 

Brown  silt  loam  on  gravel  occurs  only  in  Sections  13  and  14  in  Township 
27  North,  Range  7  East,  where  a  gravel  ridge  has  been  covered  with  silt.  The 
total  area  is  only  173  acres. 

Hie  surface  soil,  0  to  6%  inches,  is  a  brown  silt  loam  with  some  sand.  It 
has  about  3.8  percent  of  organic  matter,  or  38  tons  per  acre. 

Hie  subsurface  soil,  6%  to  20  inches,  is  a  brown  to  brownish  yellow  silt 
loam,  containing  about  2.5  percent  of  organic  matter. 

The  subsoil  is  made  up  chiefly  of  gravel,  which  first  appears  at  depths 
varying  from  16  to  30  inches. 

Management. — The  management  of  the  type  should  be  the  same  as  that 
recommended  for  brown  silt  loam  ( — 26)  except  that,  on  account  of  the  rela- 
tively shallow  reservoir  for  holding  moisture,  a  large  amount  of  organic  matter 
is  even  more  essential  than  on  brown  silt  loam.  For  the  same  reason  early 
maturing  crops  should  be  grown. 
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Brown  Silt  Loam  on  Rock  (1126.5) 

The  total  area  of  brown  silt  loam  on  rock  in  the  county  is  89  acres  and  it 
is  found  in  Sections  15  and  16,  Township  28  North,  Range  5  East.  The  rock 
is  limestone. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  with  about  4.2  per- 
cent of  organic  matter,  or  42  tons  per  acre. 

The  subsurface  is  sampled  to  20  inches  in  depth  where  possible.  Bock  is 
found  at  depths  varying  from  15  to  30  inches.  The  subsurface  as  sampled  con- 
tains about  2.7  percent  of  organic  matter. 

Management, — Shallow  soils  underlain  by  rock  usually  do  not  withstand 
drouth  to  any  great  extent ;  therefore  in  the  management  of  this  type  it  would 
be  well  to  use  early  maturing  crops,  as  these  will  be  affected  least  by  drouth. 
In  other  respects  the  type  should  be  managed  about  the  same  as  the  ordinary 
brown  silt  loam  ( — ^26).  If  the  soil  is  very  shallow  it  will  probably  be  best  to 
give  the  land  over  to  permanent  pasture. 

(b)  UPLAND  TIMBER  SOILS 

The  upland  timber  soils  include  nearly  all  the  upland  areas  that  are  now, 
or  have  been,  covered  with  forests.  These  soils  contain  much  less  organic  mat- 
ter than  those  of  the  prairie.  In  forests  the  vegetable  material  from  trees  ac- 
cumulates upon  the  surface  and  is  either  burned  or  suffers  almost  complete 
decay.  Grasses,  which  f lU'nish  large  amounts  of  humus-forming  roots,  do  not 
grow  to  any  extent  because  of  the  shade.  Moreover,  the  organic  matter  Chat  had 
accumulated  before  the  timber  began  growing  is  removed  thru  various  decom- 
position processes,  with  the  result  that  in  these  soils  generally  the  content  of 
nitrogen  and  organic-matter  has  become  too  low  for  the  best  growth  of  farm 
crops. 

The  total  area  of  upland  timber  soils  in  Livingston  county  is  21.21  square 
miles,  or  about  2  percent  of  the  area  of  the  county. 

YeUow-Gray  Silt  Loam  (934,  1134) 

Yellow-gray  silt  loam  is  not  very  extensive  in  this  coimty,  altho  it  is  dis- 
tributed along  most  of  the  courses  of  the  larger  streams,  where  it  forms  a 
narrow  belt  on  either  side.  The  type  as  mapped  includes  some  narrow,  steep 
slopes  along  the  bottom  lands  of  streams,  that  are  really  yellow  silt  loam  but  are 
too  narrow  to  be  shown  as  such  on  the  map.  In  topography,  it  is  undulating 
to  slightly  rolling  and  usually  has  good  surface  drainage.  White  oak  and  hickory 
are  trees  commonly  found.  The  area  covered  by  this  type  is  18.92  square  miles, 
or  about  12,000  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  or  yellowish  gray  silt  loam,  in- 
coherent and  mealy,  but  not  granular.  In  physical  composition  it  varies  ac- 
cording to  its  relation  to  other  types.  Where  it  occurs  in  the  sandy  loam  areas 
it  sometimes  becomes  somewhat  sandy,  and  very  small  areas  may  contain  enough 
sand  to  be  mapped  as  yellow-gray  sandy  loam.  The  organic-matter  content 
averages  about  2.7  percent,  or  27  tons  per  acre.  The  amount  increases  where 
the  type  grades  into  the  brown  silt  loam  which  usually  borders  it. 
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The  natural  subsurface  stratum  varies  from  3  to  10  inches  in  thickness.  In 
color  it  is  gray,  grayish  yellow,  or  yellow.  It  is  somewhat  pulverulent,  but 
becomes  more  coherent  and  plastic  with  increasing  depth.  The  amount  of 
organic  matter  of  the  stratum  sampled  (6%  to  20  inches)  is  about  .9  percent. 

Hie  subsoil  is  a  yellow  or  grayish  yellow  clayey  silt  or  silty  clay,  somewhat 
plastic  when  wet  but  pervious  to  water.  Sometimes  the  subsoil  is  made  up  wholly 
or  in  part  of  glacial  material. 

Management. — ^In  the  management  of  yellow-gray  silt  loam,  one  of  the  essen- 
tial considerations  is  the  maintenance  or  increase  of  organic  matter.  This  is 
even  more  necessary  with  the  yellow-gray  silt  loam  than  with  the  brown  silt 
loam  because  of  the  fact  that  this  soil  is  naturally  much  lower  in  organic  matter, 
haying  cmly  about  one-half  as  much  as  the  brown  silt  loam.  The  deficiency  in 
organic  matter  permits  the  soil  particles  to  run  together,  in  the  wetting  by 
heavy  rains.  Organic  matter  will  help  to  prevent  washing  on  the  more  rolling 
areas.  As  it  decays,  it  supplies  nitrogen  and  at  the  same  time  tends  to  liberate 
other  plant-food  elements,  as  explained  in  the  Appendix. 

In  the  areas  sampled,  the  soil  is  acid,  thus  making  it  necessary  to  apply  2 
or  3  tons  of  ground  limestone  per  acre  before  the  best  results  can  be  obtained 
with  legumes.  Later  applications  may  be  smaller.  The  growth  of  legumes  is 
very  essential  since  they  furnish  organic  matter  to  turn  back  into  the  soil  and 
at  the  same  time  supply  the  necessary  nitrogen.  But  all  forms  of  organic  matter, 
such  as  com  stalks,  manure,  and  weeds  are  of  value  and  they  should  be  turned 
into  the  soil  rather  than  burned. 

On  the  experiment  field  in  Lake  county  representing  this  soil  type,  excellent 
results  have  been  obtained  by  the  use  of  steamed  bone  meal. 

Yellow  Silt  Loam  (935,  1135) 

Yellow  silt  loam  is  found  on  steep  slopes  along  the  streams  and  on  the 
steepest  parts  of  moraines.    It  covers  an  area  of  1,325  acres. 

The  surface  soil,  0  to  6%  inches,  consists  of  a  yellow  to  brownish  yellow 
silt  loam  varying  in  composition  from  a  sandy  phase  on  the  one  hand,  to  a 
rather  heavy  phase  on  the  other.  The  surface  stratum  contains  about  3.2  per- 
cent of  organic  matter,  or  32  tons  per  acre. 

The  subsurface  is  a  yellow  silty  or  sandy  material  varying  toward  a  silty 
clay.    The  stratum  contains  about  one  percent  of  organic  matter. 

The  subsoil  is  a  yellow  clayey  silt  and  in  many  cases  is  formed  from  boulder 
clay. 

This  type  is  usually  not  under  cultivation  and  practically  the  only  way  in 
which  it  can  be  used  is  as  pasture  or  as  woodland, 

Yellow-Gray  Sandy  Loam  (964,  1164) 

With  only  a  few  exceptions,  yellow-gray  sandy  loam  occurs  adjacent  to  the 
streams  in  a  manner  similar  to  yellow-gray  silt  loam.  The  type  is  usually 
slightly  rolling.    It  covers  an  area  of  141  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  gray  to  yellow-gray  sandy  loam  con- 
taining about  2  percent  of  organic  matter,  or  20  tons  per  acre. 
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The  subsurface  is  a  sandy  loam  varying  in  color  from  yellow  to  grayish 
yellow.    It  contains  .5  percent  of  organic  matter. 

The  subsoU  varies  considerably,  being  made  up  in  some  places  of  a  yellow- 
ish, sandy,  clayey  material,  while  in  others  it  is  composed  of  bonlder  clay,  and 
in  still  others  of  sand. 

Management. — ^As  a  type,  yellow-gray  sandy  loam  is  somewhat  inferior 
to  most  other  soils  of  the  county.  It  is  low  in  practically  all  elements  of  fer- 
tility. In  the  samples  analyzed,  carbonates  were  lacking  even  in  the  subsoiL 
Where  such  a  condition  exists,  2  to  4  tons  of  limestone  per  acre  should  be 
applied  so  that  legumes  will  grow  well.  The  legumes  should  be  turned  under 
in  order  to  increase  the  amount  of  nitrogen,  which  is  now  much  too  low  for 
a  productive  soiL  All  organic  residues  should  be  put  back  into  the  soil  for  the 
same  purpose.  The  type  is  low  in  phosphorus,  and  ultimately  this  element 
must  be  supplied  if  the  best  results  are  to  be  obtained  in  the  growth  of  crops. 
The  same  remarks  regarding  phosphorus  apply  here  as  are  given  in  connection 
with  brown  sandy  loam  ( — 60). 

(c)  TERRACE  SOILS 

The  terrace  soils  in  this  county  were  formed  by  the  flooding  of  a  valley 
during  the  melting  of  the  glacier.  The  stream  carried  large  amounts  of  coarse 
sand  and  gravel  which  were  deposited  as  its  velocity  decreased.  Finer  material 
later  deposited  over  this  sand  and  gravel  forms  the  present  soil.  When  the 
stream  reached  its  normal  size  after  the  glacier  had  melted,  it  cut  down  thru 
the  deposit  so  deep  that  the  terrace  is  no  longer  flooded  at  times  of  overflow. 
The  depth  of  the  finer  material  that  forms  the  soil  varies  in  this  county  from 
about  16  inches  to  four  or  five  feet.  The  value  of  these  soils  depends  much 
upon  the  depth  to  gravel.  If  the  gravel  is  too  near  the  surface,  the  crops  may 
suffer  from  drouth.  The  total  area  of  terrace  soils  in  Livingston  coimty  is 
about  20  square  miles. 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  is  found  along  the  Vermilion  river  above  the 
rock  ledge  or  rock  ridge  which  the  river  crosses  just  below  Pontiac  The 
topography  is  usually  flat  to  undulating.  The  total  area  is  13.39  square  miles, 
or  1.3  percent  of  the  area  of  the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  little  lighter  in  color  than  the  upland 
brown  silt  loam.  It  varies  somewhat  in  composition,  being  distinctly  sandy  in 
some  places.    It  contains  about  2.9  percent  of  organic  matter,  or  29  tons  per  acre. 

The  natural  subsurface  consists  of  a  silt  loam  stratum  varying  from  6  to 
12  inches  in  thickness.  It  varies  in  color  from  brown  to  light  brown.  The 
stratum  sampled  (6%  to  20  inches)  contains  about  2.5  percent  of  organic 
matter,  or  50  tons  per  acre. 

The  subsoil  varies  from  a  yellow  silt  to  a  yellow  sandy  silt.  In  most  in- 
stances gravel  is  found  at  a  depth  of  30  to  48  inches.  This  provides  good 
drainage  where  the  water  table  is  sufficiently  low. 

Management, — In  the  samples  examined,  all  strata  of  this  type  were  acid. 
In  cases  where  this  is  the  condition,  2  or  3  tons  of  limestone  will  be  required 
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as  an  initial  application  in  order  to  provide  favorable  conditions  for  the  growth 
of  legumes.  Later  applications  should  be  made  in  quantity  sufficient  to  main- 
tain these  conditions.  The  same  need  for  applying  phosphorus  and  for  turning 
under  legumes  and  organic  residues  exists  in  this  type  as  in  the  upland  brown 
silt  loam.  Excellent  results  have  been  obtained  in  the  use  of  rock  phosphate  in 
building  up  land  on  this  soil  type. 

Brown  Sandy  Loam  over  Gravel  (1566) 

Brown  sandy  loam  over  gravel  occurs  along  the  Vermilion  river.  It  owes 
its  formation  to  the  same  general  processes  as  the  preceding  type  (1527).  It 
includes  a  total  area  of  1,453  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  brown  sandy  loam  varying  on  the  one 
hand  to  brown  silt  loam,  and  on  the  other  to  sand.  It  contains  about  3.8  per- 
cent of  organic  matter,  or  38  tons  per  acre. 

Hie  subsurface  is  a  brown  sandy  loam,  passing  into  a  yellowish  sandy  silt* 
at  a  depth  of  about  15  inches.    It  contains  about  1.6  percent  of  organic  matter. 

The  subsoil  is  a  yellow  sandy  silt  varying  to  a  silt.  The  gravel  is  some- 
times found  at  a  depth  of  less  than  40  inches  altho  it  usually  occurs  at  greater 
depths. 

Management. — ^In  the  sample  analyzed,  all  strata  were  acid.  Where  this 
condition  occurs  it  will  be  necessary  to  apply  2  or  3  tons  of  limestone  to  secure 
the  best  results  with  legumes.  The  same  use  must  be  made  of  organic  residues 
and  manure  as  recommended  for  the  preceding  type.  The  remarks  made  in 
connection  with  the  management  of  brown  sandy  loam,  page  17,  will  also  apply 
here. 

Black  Clay  Loam  (1520) 

A  few  areas  of  black  clay  loam  occur  in  the  poorly  drained  parts  of  the 
terrace.  This  type  covers  a  total  of  813  acres.  It  differs  but  little,  if  any,  from 
the  upland  type  of  black  clay  loam.     (See  page  15.) 

Yellow-Gray  Silt  Loam  over  Gravel  (1536) 

Yellow-gray  silt  loam  over  gravel  occurs  along  the  upper  course  of  the  Ver- 
milion river  and  its  two  tributaries — Indian  and  Forrest  creeks.  The  total  area 
of  the  type  is  1,197  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  yellowish  or  grayish  yellow  silt  loam 
varying  in  sand  content  to  a  loam  and  in  some  places  even  to  a  sandy  loam. 

The  subsurface  soil  is  a  yellow  silt  loam. 

The  subsoil  is  a  yellow  silty  clay  or  clayey  silt,  underlain  by  medium  gravel, 
which  is  generally  below  40  inches. 

Management, — In  the  management  of  this  type,  one  of  the  first  require- 
ments is  an  application  of  2  to  3  tons  of  limestone  in  order  to  correct  the  acidity 
which  in  the  subsoil  becomes  very  high.  The  low  content  of  organic  matter 
demands  that  legumes  be  grown  and  that  the  best  use  be  made  of  crop  residues, 
and  manure.  Along  with  the  improvement  in  this  way,  it  would  be  of  benefit 
to  apply  some  form  of  phosphate — probably  one  of  the  more  available  forms. 
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such  as  bone  meal  or  acid  phosphate,  would  be  preferable.  This  would  be  a 
good  soil  for  alfalfa,  as  it  is  generally  well  drained  owing  to  the  underlying 
stratum  of  gravel. 

Brown  Silt  Loam  on  Gravel  (1526.4) 

Brown  silt  loam  on  gravel  occurs  to  a  limited  extent  along  Indian  and 
Forrest  creeks  west  of  Forrest.    It  covers  only  378  acres. 

Hie  surface  soU,  0  to  6%  inches,  is  lighter  in  color  than  the  upland  brown 
silt  loam.    It  contains  about  3  percent  of  organic  matter. 

The  subsurface  soil  is  a  yellowish  brown  or  brownish  yellow  silt  loam. 

The  subsoU  is  a  yellow  sandy  or  gravelly  silt  loam  passing  into  gravel  at  a 
depth  of  about  16  to  28  inches. 

Martagement. — This  type  requires  the  same  treatment  as  brown  silt  loam 
on  gravel  of  the  upland  (1126.4). 

Black  Sandy  Loam  (1561) 

Black  sandy  loam  occurs  to  the  extent  of  only  32  acres. 

The  surface  soU  is  a  black  sandy  loam  containing  6.3  percent  of  organic 
matter. 

The  subsurface  soU  is  a  sandy  loam  changing  from  black  to  drabbish  yellow 
and  carrying  about  3  percent  of  organic  matter. 

The  subsoil  is  a  drabbish  yellow  sandy  loam  containing  some  coarse  sand. 

Management. — Good  cultivation,  together  with  the  application  of  limestone 
when  the  soil  becomes  deficient  in  this  constituent,  is  the  essential  thing  in 
handling  this  land. 

Yellow-Gray  Sandy  Loam  over  Gravel  (1567) 

Yellow-gray  sandy  loam  over  gravel  occurs  along  the  streams  in  a  manner 
similar  to  that  of  brown  sandy  loam  over  gravel,  but  it  has  been  timbered  suffi- 
ciently long  to  reduce  the  organic  matter  to  a  very  small  amount.  This  type 
covers  an  area  of  166  acres. 

The  surface  soil,  0  to  6%  inches,  is  a  gray  to  light  yellow  sandy  loam.  It 
ranges  in  texture  from  a  loam  to  a  very  sandy  phase  of  sandy  loam.  It  con- 
tains about  2.5  percent  of  organic  matter,  or  25  tons  per  acre. 

The  subsurface  soil  is  a  gray  or  yellowish  gray  sandy  loam,  passing  into  the 
heavier  phase  characteristic  of  the  subsoil  at  a  depth  of  about  15  to  17  inches. 

The  subsoU  consists  usually  of  a  sandy,  clayey  material  that  is  underlain 
by  gravel  at  a  depth  of  36  to  54  inches. 

Management, — Since  this  type  is  very  low  in  nitrogen,  containing  only 
2,520  pounds  per  acre  in  the  plowed  soil,  the  growing  of  legumes  should  receive 
primary  consideration.  The  soil  as  sampled  indicates  the  absence  of  limestone; 
therefore  it  is  necessary  to  apply  2  to  4  tons  per  acre  in  order  to  produce  the 
best  growth  of  legumes.  All  available  organic  residues  and  farmyard  manure 
must  be  turned  under  in  order  to  increase  and  maintain  the  supply  of  organic 
matter  and  nitrogen.  This  soil  is  also  veiy  low  in  phosphorus  and  this  element 
should  be  supplied  as  recommended  for  brown  sandy  loam,  page  17. 
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Brown-Gray  Silt  Loam  on  Tight  Clay  (1528) 

Brown-gray  silt  loam  on  tight  clay  is  rather  common  in  the  terrace,  altho 
the  total  area  mapped  as  such  amounts  to  only  89  acres.  The  individual  areas 
are  small,  and  there  are  many  spots  corresponding  to  this  type  that  are  too  small 
to  be  shown  on  the  map.  They  constitute  small  depressions  of  gray  soil  that 
formerly  were  ponds. 

The  surface  soil,  0  to  6%  inches,  is  a  grayish  brown  silt  loam  containing 
6  percent  of  organic  matter,  which  is  a  rather  high  percentage  for  this  type. 

Hie  natural  subsurface  stratum,  which  is  about  10  inches  thick,  is  very  gray 
in  color. 

The  natural  subsoil,  which  immediately  underlies  the  gray  stratum,  is  heavy 
and  tight,  and  this  may  in  turn  be  underlain  by  sand. 

Mana{fement. — The  type  is  fairly  well  supplied  with  elements  of  plant  food, 
but  in  the  area  sampled  the  soil  is  acid,  thus  indicating  that  limestone  is  neces- 
sary in  order  to  get  the  best  results  with  legumes.  Probably  phosphate  would 
be  profitably  applied  on  these  areas.  Drainage  is  very  essential  but  is  rather 
difficult  to  secure. 

Brown-Gray  Sandy  Loam  on  Tight  Clay  (1568) 

In  some  places  where  tight  clay  has  formed,  sand  has  been  carried  to  the 
area  either  by  wind  or  water,  and  there  is  formed  a  brown-gray  sandy  loam  on 
tight  clay  that  has  the  same  characteristics  as  the  preceding  type  except  that  it 
is  not  so  well  supplied  with  the  elements  of  plant  food.  There  are  45  acres  of 
the  type. 

The  surface  soU,  0  to  6%  inches,  is  a  brownish  gray  to  gray  sandy  loam 
containing  about  2.9  percent  of  organic  matter,  or  29  tons  per  acre. 

The  subsurface  is  a  gray  sandy  loam  underlain  at  14  to  17  inches  by  a 
tough,  tight,  plastic,  sandy  clay.  The  stratum  as  sampled  (6%  to  20  inches) 
contains  about  1.3  percent  of  organic  matter. 

27ie  subsoil  is  a  tough,  impervious,  sandy  clay  that  is  underlain  by  coarse 
sand  at  a  depth  of  36  to  48  inches. 

Management, — This  soil  is  low  in  plant  food.  In  order  to  improve  it,  lime- 
stone should  be  applied,  legumes  should  be  grown,  and  all  available  manure 
and  other  forms  of  organic  matter  should  be  plowed  under.  Phosphorus  should 
also  be  supplied.    See  recommendations  for  brown  sandy  loam,  page  17. 

(d)   LATE  SWAMP  AND  BOTTOM-LAND  SOILS 

This  group  includes  the  bottom  lands  along  the  streams,  the  swamps,  and 
the  poorly  drained  lowlands.  Much  of  the  soil,  therefore,  is  of  alluvial  forma- 
tion and  the  land  is  largely  subject  to  overflow.  The  swamps  occupy  low, 
marshy  places.  In  former  times  these  swamps  became,  during  wet  seasons, 
shallow  ponds  or  lakes.  Five  types  of  this  group  are  recognized  in  Livingston 
county,  the  total  area  of  which  aggregates  22.40  square  miles,  or  about  2.17 
percent  of  the  county. 
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Mixed  Loam  (1454) 

The  common  type  of  bottom  land  of  Livingston  county  is  mixed  loam.  It 
oocTirs  in  irregular  strips,  rarely  more  than  a  quarter  of  a  mile  wide,  along  the 
Vermilion  river  and  its  tributaries  and  also  along  the  west  branch  of  the  Mazon 
river.  It  covers  a  total  area  of  20.96  square  miles,  or  13,414  acres.  This  type 
is  a  mixture  of  types,  as  its  name  implies;  black  clay  loam,  brown  silt  loam, 
brown  loam,  brown  sandy  loam,  and  even  sand  may  all  be  found.  Even  if  it 
were  possible  to  indicate  on  the  map  the  many  variations,  the  effort  would  be 
useless  because  the  next  flood  would  probably  leave  a  different  mixture. 

The  mrfaee  soil,  0  to  6%  inches,  is  a  mixed  loam  varying  from  clay  loam 
to  sand  and,  as  sampled,  containing  approximately  5.9  percent  of  organic  mat- 
ter, or  59  tons  per  acre. 

The  subsurface  soU,  6%  to  20  inches,  is  a  brown  mixed  loam  with  about 
4.7  percent  of  organic  matter,  according  to  the  sample  taken. 

The  subsoil  probably  varies  more  than  the  other  strata.  As  sampled  it 
contains  about  2.4  percent  of  organic  matter. 

Management. — The  type  is  not  of  great  importance  except  for  pasture.  The 
essential  factor  in  its  management  is  good  cultivation.  Renewal  by  frequent 
overflows  will  maintain  the  fertility. 

Deep  Brown  Silt  Loam  (1426) 

Deep  brown  silt  loam  occurs  only  to  the  extent  of  320  acres,  and  is  located 
principidly  along  the  branches  of  the  Mazon  river  in  the  northeastern  part  of 
the  county. 

The  surface  soU,  0  to  6%  inches,  is  a  brown  silt  loam  containing  about  7 
percent  of  organic  matter. 

The  subsurface  soU,  6%  to  20  inches,  consists  of  a  brown  silt  loam  con- 
taining more  or  less  sand.    The  organic-matter  content  is  about  4.1  percent. 

The  subsoU  varies  from  a  brown  silt  loam  to  a  brownish  yellow  mlt  loam. 
It  contains  about  1.8  percent  of  organic  matter. 

Management. — This  type  is  well  supplied  with  all  elements  of  plant  food 
and  the  main  consideration  in  its  management  at  present  is  good  cultivation. 
As  time  goes  on  attention  should  be  given  to  the  need  for  limestone. 

Deep  Peat  (1401) 

Most  of  the  deep  peat  is  found  in  Townships  25  and  26  North,  Bange  8 
East,  where  it  occurs  in  rather  deep  depressions  in  the  moraine.  The  total 
area  of  the  type  is  563  acres. 

The  surface  soU,  0  to  6%  inches,  is  a  black  to  brown  peat  containing  a 
considerable  percentage  of  shells  in  some  local  areas.  These  give  a  decidedly 
alkaline  character  to  the  soil. 

The  subsurface  soU,  6%  to  20  inches,  is  a  brown  to  black  peat. 

The  subsoil  is  a  brown  to  black  peat,  varying  in  the  shallower  areas  to 
clayey  material  which  may  form  a  part  of  the  subsoil. 

Management. — ^Drainage  is  the  first  requirement  of  this  type.  Some  parts 
have  been  drained  and  crops  have  been  grown.    The  type,' however,  is  low  in 
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the  element  potassium,  as  is  eharacteristic  of  peat,  and  an  application  of  some 
form  of  potassium  will  probably  be  necessary  before  success  can  be  obtained 
with  com  and  oats.  For  the  results  of  field  experiments  on  deep  peat,  see 
page  54  of  the  Supplement. 

Medium  Peat  on  Clay  (1402) 

The  area  mapped  as  medium  peat  on  day  amounts  to  only  32  acres.  Altho 
mapped  as  medium  peat  on  clay,  which  would  presume  the  peat  to  be  not  more 
than  30  inches  deep,  in  reality  the  thickness  of  the  peaty  layer  is  extremely 
variable*  In  some  spots  the  day  occurs  within  a  few  inches  of  the  surface, 
while  at  other  places  a  boring  of  60  inches  reveals  nothing  but  peaty  material. 
Evidently  the  sample  taken  for  chemical  analysis  was  collected  from  one  of 
these  spots  of  deeper  peat,  as  the  high  contents  of  carbon  and  nitrogen  would 
indicate. 

Management. — ^In  general  this  land  should  receive  the  same  management 
as  that  suggested  for  deep  peat  (1401). 

Muck  on  Marl  (1413.6) 

The  only  area  of  muck  on  marl  in  this  county  occurs  in  the  southeast  quar- 
ter of  Section  32,  Township  30  North,  Range  7  East. 

The  surface  soil,  0  to  6%  inches,  is  a  black  dayey  material  containing 
about  23  percent  of  organic  matter. 

The  subsurface  and  subsoil  are  not  uniform,  but  are  made  up  of  layers  of 
marl  alternating  with  clayey  material.  The  samples  examined  contained  about 
5  percent  of  organic  matter  in  the  subsurface  and  2  percent  in  the  subsoil. 

Management — ^This  type  should  be  managed  in  the  same  way  as  black 
day  loam  (-20). 

(e)  RESIDUAL  SOILS 

A  residual  soil  is  one  which  has  not  been  transported  thru  the  action  of 
glader,  wind,  or  water,  but  is  formed  in  place  by  the  weathering  of  rocks  and 
the  accxunulation  of  organic  matter.  Bock  outcrops  are  also  included  in  this 
group. 

Stony  Loam  (098) 

The  only  area  of  stony  loam  in  the  county  is  found  in  Section  1,  Township 
27  North,  Range  5  East  This  is  a  small  area  where  the  underlying  rock  comes 
dose  to  the  surface.  The  shallow  soil  partakes  of  the  character  of  brown  silt 
loam  and  is  mixed  with  loose  pieces  of  the  partially  weathered  rock.  At  the 
highest  part  of  the  area  the  bare  rock  is  exposed,  and  from  this  extreme  the 
type  merges  gradually  into  typical  brown  silt  loam.  This  outcrop  affords  a 
source  of  excellent  limestone  for  soil  improvement.  A  sample  gave  a  purity 
test  of  nearly  99  percent  of  calcium  carbonate  equivalent. 


APPENDIX 

EXPLANATIONS  FOB  INTISPBITINO  THB  SOU.  SUBVIT 

CLASSIFICATION  OP  SOILS 

In  order  to  intelligently  interpret  the  soil  maps,  the  reader  must  under- 
stand something  of  the  method  of  soil  classification  upon  which  the  survey  is 
based.  Without  going  far  into  details  the  following  paragraphs  are  intended  to 
furnish  a  brief  explanation  of  the  general  plan  of  classification  here  used. 

The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more 
or  less  definite  characteristics.  The  line  of  separation  between  adjoining  types 
is  usually  distinct,  altho  sometimes  one  type  grades  into  another  so  gradually 
that  it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

In  establishing  soil  types  several  factors  must  be  taken  into  account.  These 
are:  (1)  the  geological  origin  of  the  soil,  whether  residual,  cumulose,  glacial, 
eolial,  alluvial,  or  colluvial;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  prairie  grasses  or  forest;  (4)  the  depth  and  the  character 
of  the  surface,  the  subsurface,  and  the  subsoil,  as  to  the  percentages  of  gravel 
sand,  silt,  clay,  and  organic  matter  which  they  contain,  their  porosity,  granula- 
tion, friability,  plasticity,  color,  etc.;  (5)  the  natural  drainage;  (6)  the  agri- 
cultural value,  based  upon  its  natural  productiveness ;  (7)  the  ultimate  chemical 
composition  and  reaction. 

Great  SoU  Areas  in  Illinois, — On  the  basis  of  the  first  of  the  above  men- 
tioned factors,  namely,  the  geological  origin,  the  state  of  Illinois  has  been  divided 
into  seventeen  great  soil  areas  with  respect  to  their  geological  formation.  The 
names  of  these  areas  are  given  in  the  following  list  along  with  their  correspond- 
ing index  numbers,  the  use  of  which  is  explained  below.  For  the  location  of 
these  geological  areas,  the  reader  is  referred  to  the  general  map  published  in 
Bulletins  123  and  193. 

000    Besidualy  soils  formed  in  place  thru  disintegration  of  rocks,  and  also  rock  outcrop 

100     Unglaoiated,  comprizing  three  areas,  the  largest  being  in  the  south  end  of  the  state 

200    lUtTioisan  moraines,  including  the  moraines  of  the  Illinoisan  glaciations 

300    Lower  Illinoisan  glaciation,  covering  nearly  the  south  third  of  the  state 

400    Middle  Illinoisan  glaoiation,  covering  about  a  dozen  counties  in  the  west-central  part 

of  the  state 
500     Upper  Illi^wisan  glaciation,  covering  about  fourteen  counties  northwest  of  the  middle 

Illinoisan  glaciation 
600    Pre-Iowan  glaciation,  but  now  believed  to  be  part  of  the  upper  Illinoisan 
700    lovHin  glaciation,  lying  in  the  central  northern  end  of  the  state 
800    Deep  loess  areas,  including  a  zone  a  few  miles  wide  along  the  Wabash,  Illinois,  and 

Mississippi  rivers 
900    Early  Wisconsin  moraines,  including  the  moraines  of  the  early  Wisconsin  glaciation 
1000    Late  Wisconsin  moraines,  including  the  moraines  of  the  late  Wisconsin  glaciation 
1100     Early  WiscoTisin  glaciation,  covering  the  greater  part  of  the  northeast  quarter  of  the 

state 
1200    Late  Wisconsin  glaciation,  lying  in  the  northeast  comer  of  the  stat^ 
1300     Old  river-bottom  and  swamp  lands,  found  in  the  older  or  Illinoisan  glaciation 
1400    Late  river-bottom  and  swamp  lands,  those  of  the  Wisconsin  and  lowan  glaciations 
1500     Terraces,  bench  or  second  bottom  lands,  and  gravel  outwash  plains 
1600    Lacustrine  deposits,  formed  by  Lake  Chicago,  the  enlarged  glacial  Lake  Michigan 
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Mechanical  Composition  of  Soils. — The  mechanical  composition,  or  the  tex- 
ture, is  a  most  important  feature  in  characterizing  a  soil.  The  texture  depends 
upon  the  relative  proportions  of  the  following  physical  constituents : 

Organic  matter:    undecomposed  and  partially  decayed  vegetable  material 
Inorganic  matter:    clay,  silt,  fine  sand,  sand,  gravel,  stones 

Classes  of  SoUs. — Based  upon  the  relative  proportion  of  the  various  con- 
stituents mentioned  above,  soils  may  be  grouped  into  a  number  of  well  recog- 
nized classes.  Following  is  a  list  of  these  classes,  arranged  according  to  their 
index  numbers,  the  use  of  which  is  explained  below : 

Index  Number  Limits  Class  Names 

0  to    9 Peats 

10  to  12 Peaty  loams 

13  to  14 Mucks 

15  to  19 Clays 

20  to  24 Clay  loams 

25  to  49 Silt  loams 

50  to  59 Loams 

(SO  to  79 Sandy  loams 

80  to  89 Sands 

90  to  94 / Gravelly  loams 

95  to  97 Gravels 

98 , . .  Stony  loams 

99 Bock  outcrop 

Naming  and  Numbering  Soil  Types, — The  naming  of  soil  types  has  been  the 
subject  of  much  discussion,  and  practice  varies  considerably  in  this  matter.  In 
this  soil  survey  of  Illinois  a  system  of  classification  and  naming  has  been  adopted 
which  is  based  upon  the  various  considerations  presented  in  the  preceding 
paragraphs. 

After  texture,  one  of  the  most  striking  characteristics  of  a  soil  is  the  color. 
Therefore,  in  the  naming  of  soils  in  Illinois,  a  combination  of  color  and  texture, 
together  with  other  descriptive  terms  when  necessary,  has  been  adopted  so  that 
the  name  in  itself  carries  a  definite  description  of  a  given  soil  type;  as  for 
example,  '*gray  silt  loam  on  tight  clay,''  or  ''brown  silt  loam  over  gravel.'' 
The  use  of  the  prepositions  on  and  over  serves  to  indicate  the  presence  of  certain 
substrata.  When  the  surface  soil  is  underlain  with  material  such  as  sand,  gravel, 
or  rock,  the  word  over  is  used  if  this  material  lies  at  a  depth  greater  than  30 
inches;  if  it  is  less  than  30  inches,  the  word  on  is  used. 

For  further  identification  of  soil  types  a  system  of  numbering,  resembling 
soinewhat  the  Dewey  library  sj'^stem,  has  been  adopted  whereby  each  soil  type 
is  assigned  a  certain  number.  This  number  indicates  at  once  the  geological 
origin  of  the  soil  as  well  as  its  physical  description.  The  digits  of  the  order  of 
hundreds  represent  the  geological  area  where  the  soil  is  found,  beginning  with 
000,  the  residual,  followed  by  100,  the  unglaciated,  and  the  rest  of  the  series  in 
the  order  of  the  enumeration  presented  in  the  paragraph  above  headed  Great  Soil 
Areas  in  Illinois,  The  digits  of  the  orders  of  units  and  tens  represent  the  various 
kinds  of  soil  such  as  are  enumerated  above  iii  the  list  of  soil  classes.  Certain 
modifications  are  designated  in  this  system  by  a  figure  placed  at  the  right  of  the 
decimal  point.  To  illustrate  the  working  of  this  numbering  system,  suppose  a 
soil  type  bears  the  number  726.5.  The  number  7  indicates  that  this  soil  occurs 
in  the  lowan  glaciation,  the  26  that  it  is  a  brown  silt  loam,  and  the  .5  that  rock 
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is  found  less  than  30  inches  below  the  surface.  These  numbers  are  especially 
useful  in  designating  small  areas  on  the  map  and  as  a  check  in  reading  the 
colors. 

A  complete  list  of  the  soil  types  occurring  in  each  county,  along  with  their 
corresponding  tyi>e  numbers  and  the  area  covered  by  each  type,  will  be  found 
in  the  respective  county  soil  reports.  ^ 

SOIL  SURVEY  MBTHODS 

Mapping  the  Sail  Types. — In  conducting  the  soil  survey,  the  county  consti- 
tutes the  imit  of  working  area.  In  order  that  the  survey  be  thoroly  trustworthy 
it  is  necessary  that  careful,  well-trained  men  be  employed  to  do  the  mapping. 
The  work  is  prosecuted  to  the  best  advantage  by  working  in  parties  of  from 
two  to  four.  Only  such  men  are  placed  in  charge  of  these  parties  as  are  thoroly 
experienced  in  the  work  and  have  shown  themselves  to  be  especially  well  quali- 
fied in  training  and  ability. 

The  men  must  be  able  to  keep  their  location  exactly  and  to  recognize  the 
different  soil  types,  with  their  principal  variations  and  limits,  and  they  must 
show  these  upon  the  maps  correctly.  A  definite  system  is  employed  in  checking 
up  this  work.  As  an  illustration,  one  man  will  survey  and  map  a  strip  80  rods 
or  160  rods  wide  and  any  convenient  length,  while  his  associate  will  work  inde- 
pendtotly  on  another  strip  adjoining  this  area,  and  if  the  work  is  correctly 
done  the  soil-type  boundaries  will  match  up  on  the  line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  map- 
ping. The  base  maps  are  prepared  on  a  scale  of  one  inch  to  the  mile,  the  ofScial 
data  of  the  original  or  subsequent  land  survey  being  used  as  a  basis  in  their 
construction.  Each  surveyor  is  provided  with  one  of  these  base  maps,  which  he 
carries  with  him  in  the  field;  and  the  soil-type  boundaries,  together  with  the 
streams,  roads,  railroads,  canals,  and  town  sites  are  placed  in  their  proper  loca- 
tions upon  the  map  while  the  mapper  is  on  the  area.  Each  section,  or  square 
mile,  is  divided  into  40-acre  plots  on  the  map,  and  the  surveyor  must  inspect 
every  ten  acres  and  determine  the  type  or  types  of  soil  thereon.  The  dif- 
ferent types  are  indicated  on  the  map  by  different  colors,  pencils  for  this  purpose 
being  carried  in  the  field. 

A  small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  taken  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a  compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
a  speedometer  or  by  some  other  measuring  device,  while  distances  in  the  field 
away  from  the  roads  are  determined  by  pacing,  an  art  in  which  the  men  beccmie 
expert  by  practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a  degree 
of  accuracy  as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 

Sampling  for  Analysis. — After  all  the  soil  types  of  a  county  have  been  lo- 
cated and  mapped,  samples  representative  of  the  different  types  are  collected  for 
chemical  analysis.  For  this  purpose  usually  three  strata  are  sampled ;  namelyi 
the  surface  (0  to  6%  inches),  the  subsurface  (6%  to  20  inches),  and  the  subsoil 
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(20  to  40  inches).  These  strata  correspond  approximately,  in  the  common  kinds 
of  soil,  to  2,000,000  pounds  of  dry  soil  per  acre  in  the  surface  layer,  and  to 
two  times  and  three  times  this  quantity  in  the  subsurface  and  the  subsoil, 
respectively.  This  is,  of  course,  a  purely  arbitrary  division,  very  useful  in 
arriving  at  a  knowledge  of  the  quantity  and  the  distribution  of  plant  food  in  the 
soil,  but  it  should  be  noted  that  these  strata  do  not  necessarily  coincide  with  the 
natural  strata  as  they  actually  exist  in  the  soil,  and  which  are  referred  to  in 
describing  the  soil  types. 

By  this  system  of  sampling  we  have  represented  separately  three  zones  for 
plant  feeding.  The  surface  layer  includes  at  least  as  much  soil  as  is  ordinarily 
turned  with  the  plow.  This  is  the  part  with  which  the  farm  manure,  limestone, 
phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incorporated,  and 
which  must  be  depended  upon  in  large  part  to  furnish  the  necessary  plant  food 
for  the  production  of  crops.  A  rich  subsoil  has  little  or  no  value  if  it  lies 
beneath  a  worn-out  surface,  but  if  the  fertility  of  the  surface  soil  is  maintained 
at  a  high  point,  then  the  strong  vigorous  plants  will  have  power  to  secure  more 
plant  food  from  the  subsurface  and  subsoil. 

PBINOIPLES  OF  SOIL  FEBTIUTT 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike 
and  at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the 
same  kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed 
by  the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a  crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  i)Ower  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

CROP  REQUIREMENTS 

Ten  different  elements  of  plant  food  are  essential  for  the  growth  and  forma- 
tion of  every  plant.  These  elements  are:  carbon,  oxygen,  hydrogen,  nitrogen, 
phosphorus,  sulfur,  potassium,  magnesium,  calcium,  and  iron;  and  they  are 
represented  by  the  chemical  symbols :  C,  0,  H,  N,  P,  S,  K,  Mg,  Ca,  and  Pe.  Some 
seasons  in  central  Illinois  are  sufficiently  favorable  to  allow  the  production  of 
at  least  50  bushels  of  wheat  per  acre,  100  bushels  of  corn,  100  bushels  of  oats, 
and  4  tons  of  clover  hay.  When  such  crops,  growing  under  favorable  climatic 
and  cultural  conditions  and  uninjured  by  disease  or  insect  pests,  are  not  pro- 
duced the  failure  is  due  to  unfavorable  soil  condition,  which  may  result  from 
poor  drainage,  poor  physical  condition,  or  from  an  actual  deficiency  of  plant  food. 

Table  A  shows  the  plant-food  requirements  of  some  of  our  most  common 
field  crops  with  respect  to  the  seven  elements  furnished  by  the  soil.  The  figures 
show  the  weight  in  pounds  of  the  various  elements  contained  in  a  bushel  or  in  a 
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Tab 

LB  A. — Plant  Food  in  Wh 

SAT,  Corn,  Oatb, 

AND  ClOVBR 

Produce 

Nitrogen 

PK                         1 

Potas- 
sium 

Magne- 
sium 

Calcium 

Kind 

Amount 

Phos- 
phorus 

Sulfur 

Iron 

Wheat,  grain 

Wheat,  straw 

Com,  grain 

Com  stover 

Com  oobs 

Oats,  grain 

Oat  straw 

Clover  seed 

Clover  hay 

Ibu. 
Iton 

Ibu. 
Iton 
Iton 

Ibu. 
Iton 

Ibu. 
Iton 

ib$. 
1.42 
10.00 

1.00 

16.00 

4.00 

.66 
12.40 

1.75 
40.00 

.24 
1.60 

.17 
2.00 

.11 
2.00 

.50 
5  00 

.10 
2.80 

.08 
2.42 

.06 
4.14 

•  •  •  •  • 

3.28 

ib$. 

.26 
18.00 

.19 

17.33 

4.00 

.16 
20.80 

.75 
30.00 

.08 
1.60 

.07 
3.33 

.04 
2.80 

.25 

7.75 

.02 
3.80 

.01 
7.00 

.02 
6.00 

.13 
29.25 

.01 
.60 

.01 
1.60 

.01 
1.12 

•  •  •  •  • 

1.00 

ton,  as  the  case  may  be.    From  these  data  the  amount  of  any  element  removed 
from  an  acre  of  land  by  a  crop  of  a  given  yield  can  easily  be  computed. 

It  needs  no  argument  to  show  that  the  continuous  removal  of  such  quanti- 
ties of  plant  food  without  provision  for  their  replacement  must  result  sooner 
or  later  in  soil  depletion. 

PLANT-FOOD  SUPPLY 

Of  the  ten  elements  of  plant  food,  three  {carbon,  oxygen,  and  hydrogen) 
are  secured  from  air  and  water,  and  seven  from  the  soil.  Nitrogen,  one  of  these 
seven  elements  obtained  from  the  soil  by  all  plants,  may  also  be  secured  from  the 


Table  B. — Plant-Food  Elbmbnts  in  Manubb,  . 

Rough  Fbbds,  and  FsBrrLiaBS 

Material 

Pounds  of  plant  food 
of  ma^terial 

per  ton 

Nitrogen 

Phosphorus 

Potassium 

FYesh  farm  manure 

10 

16 
12 
10 

40 
43 
50 
80 

280 
310 
400 

80 
20 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2 

2 
2 
2 

5 
5 
4 
8 

... 
... 
• . . 

180 
250 
250 
125 

•  •  • 

•  •  • 

•  •  • 

10 

8 

Com  stover 

17 

Oat  straw 

21 

Wheat  straw 

18 

Clover  hay 

30 

Cowpea  hay 

33 

Alfi^ffft  hay 

24 

Sweet  clover  (water-free  basis)  * 

28 

Dried  blood 

Sodium  nitrate ,  -  r , . . 

Ammftniiirn  sulfftte t  .  t  , 

Raw  bone  meal 

Steamed  bone  meal 

Raw  rock  phoffphate 

Acid  Dhoephate 

Potassium  chlorid 

850 

Potassium  sulfate 

850 

Kainit 

200 

Wood  ashes' 

100 

^Young  second  year's  growth  ready  to  plow  under  as  green  manure. 

'Wood  ashes  also  contain  about  1,000  pounds  of  lime  (calcium  carbonate)  per  ton. 


19^3]  Livingston  CJounty  33 

air  by  one  class  of  plants  (legumes) ,  in  case  the  amount  liberated  from  the 
soil  is  insufficient ;  but  even  these  plants  (virhich  include  only  the  clovers,  peas, 
beans,  vetches,  and  alfalfa  among  our  common  agricultural  plants)  are  dependent 
up>on  the  soil  for  the  other  six  elements  {phosphorus,  potassium,  magnesium, 
calcium,  iron,  and  sulfur)^  and  they  also  utilize  the  soil  nitrogen  so  far  as  it 
becomes  soluble  and  available  during  their  period  of  growth. 

The  vast  difference  with  respect  to  the  supply  of  these  essential  plant  food 
elements  in  different  soils  is  well  brought  out  in  the  data  of  the  Illinois  soil 
survey.  For  example,  it  has  been  found  that  the  nitrogen  in  the  surface  6% 
inches,  which  represents  the  plowed  stratum,  varies  in  amount  from  180  pounds 
per  acre  to  nearly  33,000  pounds.  In  like  manner  the  phosphorus  content  varies 
from  about  420  to  4,900  pounds,  the  potassium  ranges  from  1,530  to  about  58,000 
pounds.  Similar  variations  are  found  in  all  of  the  other  essential  plant  food 
elements  of  the  soil. 

With  these  facts  in  mind  it  is  easy  to  understand  how  a  deficiency  of  one 
of  these  elements  of  plant  food  may  become  a  limiting  factor  of  crop  produc- 
tion. When  an  element  becomes  so  reduced  in  quantity  as  to  become  a  limiting 
factor  of  production,  then  we  must  look  for  some  outside  source  of  supply. 
Table  B  is  presented  for  the  purpose  of  furnishing  information  regarding  the 
quantity  of  plant  food  contained  in  some  of  the  materials  most  commonly  used 
as  sources  of  plant-food  supply. 

LIBERATION  OP  PLANT  POOD 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually 
present  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is 
governed  by  many  factors,  some  of  which  may  be  controlled  by  the  farmer, 
while  others  are  largely  beyond  his  control.  Chief  among  the  important  con- 
trollable factors  which  influence  the  liberation  of  plant  food  are  the  choice  of 
crops  to  be  grown,  the  use  of  limestone,  and  the  incorporation  of  organic  matter. 
Tillage,  especially  plowing,  also  has  a  considerable  effect  in  this  connection. 

Feeding  Power  of  Plants, — Different  species  of  plants  exhibit  a  very  great 
diversity  in  their  ability  to  obtain  plant  food  directly  from  the  insoluble 
minerals  of  the  soil.  As  a  class,  the  legumes — especially  such  biennial  and 
perennial  legumes  as  red  clover,  sweet  clover,  and  alfalfa — are  endowed  with 
unusual  power  to  assimilate  from  mineral  sources  such  plant  foods  as  calcium 
and  phosphorus,  converting  them  into  available  forms  of  food  for  the  crops  that 
foUow.  For  this  reason  it  is  especially  advantageous  to  employ  such  legumes  in 
connection  with  the  application  of  limestone  and  rock  phosphate.  Thru  their 
growth  and  subsequent  decay  large  quantities  of  the  mineral  foods  are  liberated 
for  the  benefit  of  the  cereal  crops  which  follow  in  the  rotation,  and  which  are 
less  independent  feeders.  Moreover,  as  an  effect  of  the  deep  rooting  habit  of 
these  legumes,  large  quantities  of  mineral  plant-food  elements  are  brought  up 
and  rendered  available  from  the  vast  reservoirs  of  the  lower  subsoil. 

Effect  of  Limestone, — Limestone  corrects  the  acidity  of  the  soil  and  thus 
encourages  the  development  not  only  of  the  nitrogen-gathering  bacteria  which 
live  in  the  nodules  on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also 
the  nitrifying  bacteria,  which  have  power  to  transform  the  insoluble  and  un- 
available organic  nitrogen  into  soluble  and  available  nitrate  nitrogen.    At  the 
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same  time,  the  products  of  this  decomposition  have  power  to  dissolve  the  min- 
erals contained  in  the  soil,  snch  as  potassium  and  magnesium,  and  also  to  dissolve 
the  insoluble  phosphate  and  limestone  which  may  be  applied  in  low-priced 
forms.  Thus,  in  the  conversion  of  sufficient  organic  nitrogen  into  nitrate  nitrogen 
for  a  100-bushel  crop  of  com,  the  nitrous  acid  formed  is  alone  sufficient  to  convert 
seven  times  as  much  insoluble  tricalcium  phosphate  into  soluble  monocaldmn 
phosphate  as  would  be  required  to  supply  the  phosphorus  for  the  same  crop. 

Organic  Matter  and  Biological  Action. — Organic  matter  may  be  supplied  by 
animal  manures,  consisting  of  the  excreta  of  animals  and  usually  accompanied 
by  more  or  less  stable  litter ;  and  by  plant  manures,  including  green-manure  crops 
and  cover  crops  plowed  under,  and  also  crop  residues  such  as  stalks,  straw,  and 
chaff.  The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age,  condi- 
tion, and  origin,  and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows 
correctly  the  total  organic  carbon,  which  constitutes,  as  a  rule,  somewhat  more 
than  half  the  organic  matter ;  so  that  20,000  pounds  of  organic  carbon  in  the 
plowed  soil  of  an  acre  corresponds  roughly  to  20  tons  of  organic  matter.  But 
this  organic  matter  consists  largely  of  the  old  organic  residues  that  have  accumu- 
lated during  the  past  centuries  because  they  were  resistant  to  decay,  and  2  tons  of 
clover  or  cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food 
than  the  20  tons  of  old,  inactive  organic  matter.  The  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  additions 
of  active  organic  matter,  whether  in  applications  of  farm  manure,  in  legome 
crops,  or  in  sods  of  old  pastures. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  to  some  extent 
by  the  ratio  of  carbon  to  nitrogen.  Fresh  organic  matter  recently  incorporated 
with  the  soil  contains  a  very  much  higher  proportion  of  carbon  to  nitrogen  than 
do  the  old  resistant  organic  residues  of  the  soil.  The  proportion  of  carbon  to 
nitrogen  is  higher  in  the  surface  soil  than  in  the  corresx)onding  subsoil,  and  in 
general  this  ratio  is  wider  in  highly  productive  soils  well  charged  with  active 
organic  matter  than  in  very  old,  worn  soils  badly  in  need  of  active  organic  matter. 

The  organic  matter  furnishes  food  for  bacteria,  and  as  it  decays  certain 
decomposition  products  are  formed,  including  much  carbonic  acid,  some  nitrons 
acid,  and  various  organic  acids,  and  these  acting  upon  the  soil  have  the  x)ower  to 
dissolve  the  essential  mineral  plant  foods,  thus  furnishing  soluble  phosphates, 
nitrates,  and  other  salts  of  potassium,  magnesium,  calcium,  etc.,  for  the  use  of 
the  growing  crop. 

Effect  of  Tillage. — Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant 
food  by  permitting  the  air  to  enter  the  soil.  It  should  be  remembered,  however, 
that  tillage  is  wholly  destructive,  in  that  it  adds  nothing  whatever  to  the  soil, 
but  always  leaves  it  poorer,  so  far  as  plant  food  is  concerned.  Tillage  should 
be  practiced  so  far  as  is  necessary  to  prepare  a  suitable  seed  bed  for  root  develop- 
ment and  also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unneces- 
sary and  unprofitable ;  and  it  is  much  better  actually  to  enrich  the  soil  by  proper 
applications  of  limestone,  organic  matter  and  other  fertilizing  materials,  and 
thus  promote  soil  conditions  favorable  for  vigorous  plant  growth,  than  to  depend 
upon  excessive  cultivation  to  accomplish  the  same  object  at  the  expense  of 
the  soiL 


19iS]  LiVINQSTON  COUNTT  35 

PERMANENT  SOIL  IMPROVEMENT 

According  to  the  kind  of  soil  involved,  any  comprehensive  plan  contemplat- 
ing a  permanent  system  of  agriculture  will  need  to  take  into  account  some  of 
the  following  considerations. 

The  Application  of  Limestone 

The  Function  of  Limestone. — In  considering  the  application  of  limestone 
to  land  it  should  be  understood  that  this  material  functions  in  several  different 
ways,  and  that  a  beneficial  result  may  therefore  be  attributable  to  quite  diverse 
causes.  Limestone  provides  the  plant  food  calcium,  of  which  certain  crops  are 
strong  feeders.  It  corrects  acidity  of  the  soil,  thus  making  for  some  crops  a  much 
more  favorable  environment  as  well  as  establishing  conditions  absolutely  required 
for  some  of  the  beneficial  legume  bacteria.  It  accelerates  nitrification  and  nitro- 
gen fixation.  It  promotes  sanitation  of  the  soil  by  preventing  the  growth  of 
certain  fungus  diseases,  such  as  com  root  rot.  Experience  indicates  that  it 
modifies  either  directly  or  indirectly  the  physical  structure  of  fine-textured  soils, 
frequently  to  their  great  improvement. 

Thus,  working  in  one  or  more  of  these  different  ways,  limestone  often  be- 
comes the  key  to  the  improvement  of  worn  lands.  Remarkable  success  has 
been  experienced  with  limestone  used  in  conjunction  with  sweet  clover  in  the 
reclamation  of  abandoned  hill  land  which  had  been  ruined  thru  erosion. 

Amounts  to  Apply. — If  the  soil  is  acid,  usually  at  least  2  tons  per  acre  of 
ground  limestone  should  be  applied  as  an  initial  treatment.  Continue  to  apply 
limestone  from  time  to  time  according  to  the  requirement  of  the  soil  as  indicated 
by  the  tests  described  below,  or  until  the  most  favorable  conditions  are  established 
for  the  growth  of  legumes.  In  case  the  magnesium  content  of  the  soil  is  low, 
magnesian  limestone  (OaCOsMgCOa),  which  contains  both  calcium  and  mag- 
nesium and  has  slightly  greater  power  to  correct  soil  acidity,  ton  for  ton,  than 
the  ordinary  calcium  limestone  (CaCO,)  may  be  used.  On  strongly  acid  soils, 
or  on  land  being  prepared  for  alfalfa,  4  or  5  tons  per  acre  of  ground  limestone 
may  well  be  used  for  the  first  application. 

How  to  Ascertain  the  Need  for  Limestone. — The  need  of  a  soil  for  limestone 
may  be  ascertained  by  applying  the  following  test  for  soil  acidity.  Along  with 
the  acidity  test,  a  test  for  the  presence  of  carbonates  should  be  made.  It  should 
be  understood  that  a  positive  test  for  carbonates  does  not  guarantee  the  absence 
of  acid ;  for  it  may  happen,  especially  when  the  soil  is  near  the  neutral  point, 
that  positive  tests  for  both  acidity  and  carbonates  are  obtained.  This  condition 
is  explained  by  the  assumption  that  solid  particles  of  calcium  or  magnesium 
carbonates  form  centers  of  alkalinity  within  a  soil  that  is  generally  acid.  Be- 
cause of  this  fact  any  test  made  of  a  given  soil  ought  to  be  repeated  if  it  is  to 
be  thoroly  reliable.    It  is  also  desirable  to  test  samples  from  different  depths. 

Following  are  the  directions  for  making  these  tests : 

The  Potassiiuii  Thlocyanate  Test  for  Acidity.  This  test  for  soil  acidity  is  made  with 
a  4-percent  solution  of  potassium  thiocyanate  in  alcohol— 4  grams  of  potassium  thiocyanate 
in  100  cubic  centimeters  of  95-percent  alcohol  (not  denatured).  When  a  small  quantity  of 
soil  shaken  up  in  a  test  tube  with  this  solution  gives  a  red  color  the  soU  is  acid  and 
limestone  should  be  applied.  If  the  solution  remains  colorless  the  soU  is  not  acid.  An 
excess  of  water  interferes  with  the  test.  In  testing,  therefore,  the  soil  should  not  be 
wetter  than  it  would  be  when  in  good  tillable  condition.  The  conditions  for  a  prompt 
reaction  require  a  temperature  that  is  comfortably  warm. 
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The  HTdroeblozlc  Acid  Tait  for  Omrbonatas.  Make  a  shallow  cup  of  a  ball  of  soil 
and  pour  into  it  a  few  drops  of  concentrated  hydrochloric  acid.  If  carbonates  are  present 
they  are  decomposed  with  the  liberation  of  carbon  dioxid,  which  appears  as  gas  Imbbles, 
producing  foaming  or  effervescence.  With  much  carbonate  present  the  action  is  liyely,  bat 
with  mere  traces  of  it  the  bubbles  are  given  off  slowly.  If  no  carbonate,  or  very  little,  is 
indicated  by  the  test,  then  it  is  advisable  to  apply  limestone. 

The  Nitrogen  Problem 

Nitrogen  presents  the  greatest  practical  soil  problem  in  American  agricul- 
ture. Four  important  reasons  for  this  are :  its  increasing  deficiency  in  most 
soils ;  its  cost  when  purchased  on  the  open  market ;  its  removal  in  large  amounts 
by  crops;  and  its  loss  from  soils  thru  leaching.  Nitrogen  costs  from  four  to 
five  times  as  much  per  pound  as  phosphorus.  A  100-bushel  crop  of  com  re- 
quires 150  pounds  of  nitrogen  for  its  growth,  but  only  23  pounds  of  phos- 
phorus. The  loss  of  nitrogen  from  soils  may  vary  from  a  few  pounds  to  over 
one  hundred  pounds  per  acre,  depending  upon  the  treatment  of  the  soil,  the 
distribution  of  rainfall,  and  the  protection  afforded  by  growing  crops. 

An  inexhaustible  supply  of  nitrogen  is  present  in  the  air.  Above  each  acre 
of  the  earth's  surface  there  are  about  sixty-nine  million  pounds  of  atmospheric 
nitrogen.  The  nitrogen  above  one  square  mile  weighs  twenty  million  tons,  an 
amount  sufficient  to  supply  the  entire  world  for  four  or  five  decades.  This  large 
supply  of  nitrogen  in  the  air  is  the  one  to  which  the  world  must  eventually  turn. 

There  are  two  methods  of  collecting  the  inert  nitrogen  gas  of  the  air  and 
combining  it  into  compounds  that  will  furnish  products  for  agricultural  uses. 
These  are  the  chemical  and  the  biological  fixation  of  the  atmospheric  nitrogen. 
Farmers  have  at  their  command  one  of  these  methods.  By  growing  inoculated 
legumes,  nitrogen  may  be  obtained  from  the  air,  and  by  plowing  under  more 
than  the  roots  of  those  legumes,  nitrogen  may  be  added  to  the  soiL 

Inasmuch  as  legumes  are  worth  growing  for  feed  and  seed  as  well  as  for 
nitrate  production,  a  considerable  portion  of  the  nitrogen  thus  gained  may  be 
considered  a  by-product.  Because  of  that  fact,  it  is  questionable  whether  the 
chemical  fixation  of  nitrogen,  the  possibilities  of  which  now  represent  numerous 
compounds,  will  ever  be  able  to  replace  the  simple  method  of  obtaining  atmos- 
pheric nitrogen  by  growing  inoculated  legumes. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1  bushel  of  oats   (grain  and  straw)  requires  1  pound  of  nitrogen. 

1  bushel  of  com   (grain  and  stalks)  requires  1\^  pounds  of  nitrogen. 

1  bushel  of  wheat  (grain  and  straw)  requires  2  pounds  of  nitrogen. 

1  ton  of  timothy  contains  24  pounds  of  nitrogen. 

1  ton  of  clover  contains  40  pounds  of  nitrogen. 

1  ton  of  cowpeas  contains  43  pounds  of  nitrogen. 

1  ton  of  alfalfa  contains  50  pounds  of  nitrogen. 

1  ton  of  average  manure  contains  10  pounds  of  nitrogen. 

1  ton  of  young  sweet  clover,  at  about  the  stage  of  growth  when  it  is  plowed  under  as  green 
manure,  contains,  on  water-free  basis,  80  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and  the 
roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops.  Soils  of  mod- 
erate productive  power  wiU  furnish  as  much  nitrogen  to  clover  (and  two  or  three 
times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and  stubble.    In  grain 
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crops,  such  as  wheat,  com,  and  oats,  about  two-thirds  of  the  nitrogen  is  con- 
tained in  the  grain  and  one-third  in  the  straw  or  stalks. 

The  Phosphorus  Problem 

The  element  phosphorus  is  an  indispensable  constituent  of  every  living  cell. 
It  is  intimately  connected  with  the  life  processes  of  both  plants  and  animals,  the 
nuclear  material  of  the  cells  being  especially  rich  in  this  element. 

The  phosphorus  content  of  a  soil  varies  according  to  its  origin  and  the 
kind  of  farming  practiced.  Even  virgin  soils  are  found  that  are  deficient  in 
phosphorus. 

It  should  always  be  borne  in  mind  in  connection  with  the  application  of 
phosphorus  to  the  land  that  the  addition  of  phosphorus,  or  of  any  other  fer- 
tilizing substance,  to  the  soil  can  exert  no  benefit  until  the  need  of  it  has  become 
a  limiting  factor  of  production.  For  example,  if  there  is  already  present  in 
the  soil  sufficient  available  phosphorus  to  produce  a  forty-bushel  crop,  and  the 
nitrogen  supply  or  the  moisture  supply  is  sufficient  for  only  forty  bushels,  or 
less,  then  extra  phosphorus  added  to  the  soil  cannot  increase  the  yield  beyond 
this  forty-bushel  limit. 

There  are  several  different  materials  containing  phosphorus  which  are 
applied  to  land  as  fertilizer.  The  more  important  of  these  are  bone  meal,  acid 
phosphate,  natural  raw  rock  phosphate,  and  basic  slag.  Obviously  that  carrier 
of  phosphorus  which  gives  the  most  economical  returns,  as  considered  from  all 
standpoints,  is  the  most  suitable  one  to  use.  Altho  this  matter  has  been  the 
subject  of  much  discussion  and  investigation  the  question  still  remains  unset- 
tled. Probably  there  is  no  single  carrier  of  phosphorus  that  will  prove  to  be 
the  most  economical  one  to  use  under  all  circumstances  because  so  much  de- 
pends upon  soil  conditions,  crops  grown,  length  of  haul,  and  market  conditions. 

Bone  meal,  prepared  from  the  bones  of  animals,  appears  on  the  market  in 
two  different  forms,  raw  and  steamed.  Raw  bone  meal  contains,  besides  the 
phosphorus,  a  considerable  percentage  of  nitrogen  which  adds  a  useless  expense 
if  the  material  is  purchased  for  the  sake  of  the  phosphorus.  As  a  source  of 
phosphorus,  steamed  bone  meal  is  preferable  to  raw  bone  meal.  Steamed  bone 
meal  is  prepared  by  extracting  most  of  the  nitrogenous  and  fatty  matter  from 
the  bones,  thus  producing  a  more  nearly  pure  form  of  calcium  phosphate  con- 
taining about  10  to  12  percent  of  the  element  phosphorus. 

Acid  phosphate  is  produced  by  treating  rock  phosphate  with  sulfuric  acid. 
The  two  are  mixed  in  about  equal  amounts;  the  product  therefore  contains 
about  one-half  as  much  phosphorus  as  the  rock  phosphate  itself.  Acid  phos- 
phate also  contains  besides  phosphorus,  sulfur,  which  is  another  plant-food  ele- 
ment. The  phosphorus  in  acid  phosphate  is  more  readily  available  for  absorp- 
tion by  plants  than  that  of  raw  rock  phosphate.  Acid  phosphate  of  good  quality 
should  contain  6  percent  or  more  of  the  element  phosphorus. 

Rock  phosphate,  sometimes  called  floats,  is  a  mineral  substance  found  in 
vast  deposits  in  certain  regions.  The  phosphorus  in  this  mineral  exists  chem- 
ically as  tri-calcium  phosphate  and  a  good  grade  of  the  rock  should  contain 
1214  percent,  or  more,  of  the  element  phosphorus.  The  rock  should  be  ground 
to  a  powder,  fine  enough  to  pass  thru  a  100-mesh  sieve,  or  even  finer. 


38  Soil  Report  No.  25:   Appendix  [/«Mi 

The  relative  cheapness  of  raw  rock  phosphate,  as  compared  with  the  treated 
or  acidulated  material,  makes  it  possible  to  apply  for  equal  money  expenditure 
considerably  more  p^sphoms  per  acre  in  this  form  than  in  the  form  of  acid 
phosphate,  the  ratio  being,  under  the  market  conditions  of  the  past  several  years, 
about  4  to  1.  That  is  to  say,  under  these  market  conditions,  a  dollar  will  pur- 
chase about  four  times  as  much  of  the  element  phosphorus  in  the  form  of  rock 
phosphate  as  in  the  form  of  acid  phosphate,  which  is  an  important  considera- 
tion if  one  is  interested  in  building  up  a  phosphorus  reserve  in  the  soiL  As 
explained  above,  more  very  carefully  conducted  comparisons  on  various  soil 
types  under  various  cropping  systems  are  needed  before  definite  statements  can 
be  given  as  to  which  form  of  phosphate  is  most  economical  to  use  in  all  situations. 

Basic  slag,  known  also  as  Thomas  phosphate,  is  another  carrier  of  phos- 
phorus that  might  be  mentioned  because  of  its  considerable  usage  in  Europe 
and  eastern  United  States.  Basic  slag  phosphate  is  a  by-product  in  the  manu- 
facture of  steel.  It  contains  a  considerable  proportion  of  basic  material  and 
therefore  it  tends  to  influence  to  some  extent  the  soil  reaction. 

Bock  phosphate  may  be  applied  at  any  time  during  a  rotation,  but  it  is 
applied  to  the  best  advantage  either  preceding  a  crop  of  clover,  which  plant 
seems  to  possess  an  unusual  power  for  assimilating  raw  phosphate^  or  else  at  a 
time  when  it  can  be  plowed  under  with  some  form  of  organic  matter  such  as 
animal  manure  or  green  manure,  the  decay  of  which  serves  to  liberate  the  phos- 
phorus from  its  insoluble  condition  in  the  rock.  It  is  important  that  the  finely 
ground  rock  phosphate  be  intimately  mixed  with  the  organic  material  as  it  is 
plowed  under. 

In  using  acid  phosphate  or  bone  meal  in  a  cropping  system  which  includes 
wheat,  it  is  a  common  practice  to  apply  the  material  in  the  preparation  of  the 
wheat  ground.  It  may  be  advantageous,  however,  to  divide  the  total  amount 
to  be  used  and  apply  a  portion  to  the  other  crops  of  the  rotation,  particularly 
to  com  and  to  clover. 

The  Potassium  Problem 

Our  most  common  soils,  in  which  clay  and  silt  form  a  considerable  part 
of  the  constituency,  are  well  stocked  with  potassium,  altho  it  exists  largely  in 
insoluble  form.  Such  soils  as  sands  and  peats,  however,  are  likely  to  be  low 
in  this  element.  On  such  soils  this  deficiency  may  be  supplied  by  the  applica- 
tion of  some  potassium  salt,  such  as  potassium  sulfate,  potassium  chlorid,  kainit, 
or  other  potassium  compound,  and  in  many  instances  this  is  done  at  great  profit 

From  aU  the  facts  at  hand  it  seems,  so  far  as  our  great  areas  of  comm^on  soUs 
are  concerned,  that  the  potassium  problem  is  not  one  of  addition  but  of  libera- 
tion. The  Rothamsted  records,  which  represent  the  oldest  soil  experiment  fields 
in  the  world,  show  that  for  many  years  other  soluble  salts  have  had  practically  the 
same  power  as  potassium  to  increase  crop  yields  in  the  absence  of  sufficient  de- 
caying organic  matter.  Whether  this  action  relates  to  supplying  or  liberating 
potassium  for  its  own  sake,  or  to  the  power  of  the  soluble  salt  to  increase  the 
availability  of  phosphorus  or  other  elements,  is  not  known,  but  where  much 
potassium  is  removed,  as  in  the  entire  crops  at  Rothamsted,  with  no  return  of 
organic  residues,  probably  the  soluble  salt  functions  in  both  ways. 
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Further  evidence  on  this  matter  is  famished  by  the  Illinois  experiment 
field  at  Fairfield,  where  potassium  sulfate  has  been  compared  with  kainit  both 
with  and  without  the  addition  of  organic  matter  in  the  form  of  stable  manure. 
Both  sulfate  and  kainit  produced  a  substantial  increase  in  the  yield  of  com, 
but  the  cheaper  salt — ^kainit — ^was  just  as  effective  as  the  potassium  sulfate,  and 
returned  some  financial  profit.  Manure  alone  gave  an  increase  similar  to  that 
produced  by  the  potassium  salts,  but  the  salts  added  to  the  manure  gave  very 
little  increase  over  that  produced  by  the  manure  alone.  This  is  explained  in 
part  perhaps  because  the  potassium  removed  in  the  crops  is  mostly  returned 
in  the  manure  if  properly  cared  for,  and  perhaps  in  larger  part  because  the 
decaying  organic  matter  helps  to  liberate  and  hold  in  solution  other  plant-food 
elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  that  potassium  salts  and  most  other  soluble  salts  increase  the  solubility  of 
the  phosphorus  in  soil  and  in  rock  phosphate ;  also  that  the  addition  of  glucose 
with  rock  phosphate  in  pot-culture  experiments  increases  the  availability  of 
the  phosphorus,  as  measured  by  plant  growth,  altho  the  glucose  consists  only 
of  carbon,  hydrogen,  and  oxygen,  and  thus  contains  no  plant  food  of  value. 

In  considering  the  conservation  of  potassium  on  the  farm  it  should  be  re- 
membered that  in  average  live-stock  farming  the  animals  destroy  two-thirds  of 
the  organic  matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from 
the  food  they  consume,  but  that  they  retain  less  than  one-tenth  of  the  potassium ; 
80  that  the  actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either 
in  grain  farming  or  in  live-stock  farming,  is  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  Calcium  and  Magnesium  Problem 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching. 

Doctor  Edward  Bartow  and  associates,  of  the  Illinois  State  Water  Survey, 
have  shown  that  as  an  average  of  90  analyses  of  Illinois  well-waters  drawn  chiefly 
from  glacial  sands,  gravels,  or  till,  3  million  pounds  of  water  (about  the  average 
annual  drainage  per  acre  for  Illinois)  contained  11  pounds  of  potassium,  130  of 
magnesium,  and  330  of  calcium.  These  figures  are  very  significant,  and  it  may 
be  stated  that  if  the  plowed' soil  is  weU  supplied  with  the  carbonates  of  magnesiiun 
and  calcium,  then  a  very  considerable  proportion  of  these  amounts  will  be  leached 
from  that  stratum.  Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at 
Bothamsted,  England,  where  the  soil  contains  plenty  of  limestone,  has  averaged 
more  than  300  poimds  a  year  as  determined  by  analyzing  the  soil  in  1865  and 
again  in  1905.  And  practically  the  same  amount  of  calcium  was  found  by 
analyzing  the  Bothamsted  drainage  waters. 

The  annual  loss  of  limestone  from  the  soil  depends,  of  course,  upon  a  num- 
ber of  factors  aside  from  those  which  have  to  do  with  climatic  conditions. 
Among  these  factors  may  be  mentioned  the  character  of  the  soil,  the  kind  of 
limestone,  its  condition  of  fineness,  the  amount  present,  and  the  sort  of  farming 
practiced.    Because  of  this  variation  in  the  loss  of  carbonates  from  the  soil,  it 
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is  impossible  to  prescribe  a  fixed  practice  in  their  renewal  that  will  apply 
universally.  The  tests  described  on  pages  35  and  36,  together  with  the  behavior 
of  such  lime-loving  legumes  as  alfalfa  and  sweet  clover,  will  serve  as  general  indi- 
cators for  the  frequency  of  applying  limestone  and  the  amount  to  use  on  a 
given  field. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
ern and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  i)Ounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  permanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows : 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  as  in  the  burning  of  coal,  the 
sulfur  passes  into  the  atmosphere  or  into  the  soil  solution  in  the  form  of  sulfur 
dioxid  gas.  This  gas  unites  with  oxygen  and  water  to  form  sulfuric  acid,  which 
is  readily  washed  back  into  the  soil  by  the  rain,  thus  completing  the  cycle,  from 
soil — ^to  plants  and  animals — ^to  air — to  soil. 

In  this  way  sulfur  becomes  largely  a  self-renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.  With  a  fair  stock  of 
sulfur,  such  as  exists  in  our  common  types  of  soil,  and  with  an  annual  return, 
which  of  itself  would  more  than  suffice  for  the  needs  of  maximum  crops,  the 
maintenance  of  an  adequate  sulfur  supply  presents  little  reason  at  present  for 
serious  concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur 
in  the  soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is 
small.  Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of 
crop  production,  and  it  wiU  be  necessary  sooner  or  later  to  introduce  this  sub- 
stance from  some  outside  source.  Investigation  is  now  under  way  to  determine 
to  what  extent  this  situation  may  apply  to  conditions  in  Illinois. 
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Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tendency  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 
nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,. com  stalks,  weeds,  and 
all  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  often 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  wiU  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  corn  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  however,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  corn  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  effect  becomes  worse  if  cropping  has 
reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good  tilth. 
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SyslcfDS  of  Crop  Rotfttiont 

In  a  program  of  pennanait  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  l^  plowing  under  the  legume  crops  and 
other  crop  residues  (straw  and  com  stalks),  or  hy  using  for  feed  and  bedding 
practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with  the 
least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what  will 
prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and  farmers 
and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  drcumstanoes. 


flIz-Tsar  Botattons 
Firtt  year     —Corn 
Second  yeair — Com 

Third  year    —Wheat  or  oatt  (with  dorer,  or  doyer  and  graat) 
Ftmrih  year  — Clover,  or  doyer  and  grass 
Fifth  year    —Wheat  (with  doyer),  or  grasi  and  dover 
Sixth  year    — Clorer,  or  doyer  and  grass 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  dipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  cbver 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Flve-Year  notations 
FWet  year     -^-Com 

Second  year — ^Wheat  or  oata  (with  doyer,  or  dover  and  grass) 
Third  year    — Clover,  or  doyer  and  grass 
Fourth  year  — ^Wheat  (with  doyer),  or  doyer  and  grass 
Fifth  year    — Cloyer,  or  dover  and  grass 

Firet  year    — Com 

Second  year — Com 

Third  year    — ^Wheat  or  oats  (with  doyer,  or  doyer  and  grass) 

Fourth  year  — Clover,  or  dover  and  grass 

Fifth  year    — ^Wheat  (with  doyer) 

Firet  year     — Cora 

Second  year — Cowpeas  or  soybeans 

Third  year    — ^Wheat  (with  dover) 

Fourth  year  — Cloyer 

Fifth  year    — Wheat  (with  dover) 

The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 
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Four- Year  Botations 

Firtt  ywr     — ^Wheat  (with  clover)  Fint  year     — Com 

Second  year —Com  Second  year — Corn 

TWrd  year    — Oats  (with  cloyer)  Third  year    — ^Wheat  or  oatt  (with  dover) 

Fo%irth  year  — Clover  Fourth  year  — Clover 

Firet  year     — Com  First  year     — ^Wheat  (with  clover) 

Second  year  — ^Wheat  or  oatt  (with  clover)  Second  year  — Clover 

Third  year   — Clover  Third  year    — Com 

Fourth  year — Wheat  (with  clover)  Fourth  year — Oats  (with  dover) 

First  year     — Com 
Second  year  — Cowpeas  or  soybeans 
Third  year    — ^Wheat  (with  dover) 
Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four ;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thns  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Year  Botations 

First  year     — Cora  First  year     — ^Wheat  (with  dover) 

Second  year  — Oats  or  wheat  (with  dover)       Second  year  — Corn 

TWfd  year   — Clover  Third  year   — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 

before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 

grow  on  every  acre  every  year.    This  is  likewise  true  of  the  following  suggested 

tw^o-year  system: 

Two-Year  Botations 

First  year    — Oats  or  wheat  (with  sweet  dover) 
Second  year  — Com 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  fact,  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  «that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover 
especially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture 
and  hay-crop,  is  becoming  tlioroly  established,  and  its  importance  in  a  crop- 
rotation  program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  Representing  the  More  Important  Types  of 

Sod  Occurring  in  Livingston  County) 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  typea.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of  former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  permanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  further  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soiL  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report. 

A  few  general  explanations  at  this  point,  which  apply  to  aU  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 

Size  and  Arrangement 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots,  the  plots  commonly  being  either  one-fifth  or 
one-tenth  acre  in  area.  Each  series  is  occupied  by  one  kind  of  crop.  Usually 
there  are  several  series  so  that  a  crop  rotation  can  be  carried  on  with  every  crop 
represented  every  year. 

Panning  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  farming  and  grain  farming. 

In  the  live-stock  system,  stable  manure  is  used  to  furnish  organic  matter 
and  nitrogen.  The  amount  applied  to  a  plot  is  based  upon  the  amount  that  can 
be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.    The  organic  matter  and 

nitrogen  are  applied  in  form  of  plant  manures,  including  all  the  plant  residues 

produced,  such  as  com  stalks,  straw  from  wheat,  oats,  clover,  etc,  along  with 

leguminous  catch  crops  plowed  under.    It  is  the  plan  in  this  latter  system  to 

remove  from  the  land,  in  the  main,  only  the  grain  and  seed  produced,  except  in 

the  case  of  alfalfa,  that  crop  being  harvested  for  hay  the  same  as  in  the  live-stock 

systenL 

Crop  Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  d^nite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.  The  most  common  rotation  used  is  wheat, 
com,  oats,  and  clover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
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on  a  fifth  series.  In  the  grain  system  a  legume  catch  crop,  osoally  sweet  clover, 
is  indaded,  which  is  seeded  on  the  young  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  the  following  spring  in  preparation  for  com.  If  the  red  clover 
crop  fails,  soybeans  are  substituted. 

SoU  Treatment 

The  treatment  applied  to  the  plots  has,  for  the  most  part,  been  standard- 
ized according  to  a  rather  definite  system,  altho  deviations  from  this  system 
occur  now  and  then,  particularly  in  the  older  fields. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

Animal  Manures. — Animal  manures,  conusting  of  excreta  from  animals, 
with  stable  litter,  are  spread  upon  the  respective  plots  in  amounts  proportionate 
to  previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manures. — Crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chaff,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  aweet  clover  is  seeded  in  small  grains  to  be  plowed  under  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  residues  system. 

Mineral  Manures. — The  yearly  acre-rates  of  application  have  been:  for 
limestone,  1,000  pounds ;  for  raw  rock  phosphate,  500  pounds ;  and  for  potas- 
sium, the  equivalent  of  200  pounds  of  kainit.  The  initial  application  of  lime- 
stone has  usually  been  4  tons  per  acre. 

Explanation  of  Symbols  Used 

0    =  Untreated  land  or  check  plots 

M  E=  Manure  (animal) 

R  =  Besidues  (from  crops,  and  includes  legumes  used  as  green  manure) 

L   =  Limestone 

P  =  Phosphorus 

K  0=  Potassium  (usually  in  the  form  of  kainit) 

if!-  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 

( i),  =  Parentheses  enclosing  figures  signify  tons  of  bay,  as  distinguished  from 
bushels  of  seed  ,  ^  "■ 

In  discussions  of  this  sort  of  data,  financial  promts  or  los 
assigned  market  values  are  frequently  considered.*^  However, 
erratic  fluctuations  in  market  values — especially  in  the  past  few 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at 
The  yields  are  therefore  presented  with  the  thought  that  with 
hand  the  financial  returns  from  a  given  practice  can  readily  be 
the  basis  of  ai^  set  of  market  values  that  the  reader  may  choose 

BROWN  SILT  LOAM 
Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.    Those  located  at  the  University  have  been  in  oi>er- 
ation  the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 
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The  Morrow  Ploti 

It  h&ppeuf  that  the  oldest  soil  experiment  field  in  the  United  States  is 
located  on  typical  brown  silt  loam  of  the  early  Wisconsin  glaciation,  on  the 
campos  of  the  University  of  Illinois.  This  field  was  started  in  1879  by  George 
E.  Morrow,  who  for  many  years  was  Professor  of  Agricnlture,  and  these  plots 
are  known  as  the  Morrow  plots. 

The  Morrow  series  now  consists  of  three  plots  divided  into  halves  and  the 
halves  are  subdivided  into  quarters.  On  one  plot  com  is  grown  continaoosly ; 
on  the  second  com  and  oats  are  grown  in  rotation ;  and  on  the  third,  com,  oats, 
and  clover  are  rotated.  The  north  half  of  each  plot  has  had  no  fertilizing  ma- 
terial applied  from  the  beginning  of  the  experiments,  while  the  south  half  has 
been  treated  since  1904,  receiving  standard  applications  of  farm  nunure  with 
cover  crops  grown  in  the  one-crop  and  two-crop  systems.  Phosphorus  has  been 
applied  in  two  different  forms :  rock  phosphate  to  the  southwest  quarter  at  the 
rate  of  600  pounds,  and  steamed  bone  meal  to  the  southeast  quarter  at  the  rate 
of  200  pounds  per  acre  per  year  up  to  1919,  when  the  rock  phosphate  was  in- 
creased sufficiently  to  bring  up  the  total  amount  applied  to  four  times  the  quan- 
tity of  bone  meal  applied.  At  the  same  time  the  rate  of  subsequent  application  of 
both  forms  of  phosphorus  was  reduced  to  one-fourth  the  quantity,  or  to  200 
pounds  of  rock  phosphate  and  50  poxmds  of  bone  meal  per  acre  per  year.  In 
1904  ground  limestone  was  applied  at  the  rate  of  1,700  pounds  per  acre  to  the 
south  half  of  each  plot,  and  in  1918  a  further  application  was  made  at  the  rate 
of  5  tons  i>er  acre  with  the  intention  of  standardizing  the  application  to  the  rate 
of  1,000  pounds  of  limestone  per  acre  per  year. 

Table  1  gives  the  yearly  records  of  the  crop  yields,  and  Table  2  presents  the 
same  in  summarized  form. 


Fig.  1. — Corn  on  tub  Morbow  Plots  in  1810 


lassi 
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Tabub  1.— URBANA  field,  MORROW  PLOTS:    Bbown  Silt  Loam;  Prairdb;  Eablt 

Wisconsin  Glaciation 

Crop  Yields  in  Soil  Experiments — ^Busheb  or  (tons)  per  acre 


Com 

1 

SoU 

every 

Two-year  rotation    | 

Three-year  rotation 

Years 

treatment 
applied 

jrear 

■ 

Com 

Com 

Oats 

Com 

Oats 

Clover 

187»-«7 

None 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

1888 

None 

54.3 

49.5 

•  •  •  • 

48.6 

•  •  •  • 

1889 

None 

43.2 

•  •  •  • 

37.4 

(4.04) 

1890 

None 

48.7 

54.3 

•  •  •  • 

(1.61) 

1891 

None 

28.6 

33.2 

•  •  •  • 

(1.46) 

1892 

None 

33.1 

•  •  •  • 

37.2 

70.2 

•     •     •     • 

1893 

None 

21.7 

29.6 

•  •  •  • 

34.1 

•     •     •     • 

1894 

None 

34.8 

•  •  • « 

57.2 

•  • . . 

65.1 

•     •     •     • 

1895 

None 

42.2 

41.6 

•  •  •  • 

.  •  •  • 

22.2 

•     •      •      • 

1896 

None 

62.3 

•  *  •  • 

34.5 

•  •  •  • 

•  •  •  • 

•     •     •     • 

1897 

None 

40.1 

47.0 

•  • .  • 

•  •  •  • 

•  •  •  • 

•     «     •     • 

1898 

None 

18.1 

•  •  •  • 

•  •  *  • 

•  •  ■  • 

•  •  •  ■ 

•     •     •     • 

1899 

None 

50.1 

44.4 

« •  •  • 

53.5 

•  •  •  • 

•     •     •     •  ' 

1900 

None 

48.0 

•  •  •  • 

41.5 

•  •  •  • 

•  •  •  • 

•     •     •     • 

1901 

None 

23.7 

33.7 

•  •  •  • 

34.3 

•  •  •  • 

•     •     •     • 

1902 

None 

60.2 

*  *  •  • 

56.3 

•  •  •  • 

54.6 

•     •     •     • 

1903 

None 

26.0 

35.9 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

(1.11) 

1904 

None 

21.5 

•  •  •  • 

17.5 

55.3 

■  ■  •  • 

•     •     •     • 

1904 

MLP 

17.1 

• « •  • 

25.3 

72.7 

•  •  •  • 

•     •     •     • 

1905 

None 

24.8 

50.0 

•  •  •  • 

•  •  •  • 

42.3 

•     •     •     • 

1905 

MLP 

31.4 

44.9 

•  •  •  • 

•  •  •  • 

50.6 

*     •     •      • 

1906 

None 

27.1 

•  •  •  • 

34.7 

•  •  •  • 

•  •  •  • 

(1.42)' 
(1.74)« 

1906 

MLP 

35.8 

•  •  •  • 

52.4 

•  •  •  * 

•  •  •  • 

1907 

None 

29.0 

47.8 

•  •  •  • 

80.5 

•  • .  • 

•     •     •     • 

1907 

MLP 

48.7 

87.6 

•  •  •  • 

93.6 

. . .  • 

•      •     •     • 

1908 

None 

13.4 

•  •  •  • 

32.9 

•  •  •  • 

40  0 

•     •     •     • 

1908 

MLP 

28.0 

•  ■  •  « 

45.0 

*  • .  • 

44.4 

•     •     •     • 

1909 

None 

26.6 

33.0 

•  •  •  • 

■  •  •  • 

•  •  •  • 

(  .66)' 

1909 

MLP 

31.6 

64.8 

■  •  •  • 

*  • .  • 

•  •  ■  • 

(1.73)' 

1910 

None 

35.9 

•  •  •  • 

33.8 

58.6 

•  •  •  • 

•  •  •  • 

1910 

MLP 

54.6 

•  •  •  « 

59.4 

83.3 

•  •  •  • 

*  .  •  • 

1911 

None 

21.9 

28.6 

•  •  •  • 

•  •  •  • 

20  6 

■  *  •  • 

1911 

MLP 

31.5 

46.3 

•  •  •  • 

•  >  •  • 

38.0 

«  •  •  • 

1912 

None 

43.2 

•  •  •  • 

55.0 

•  •  •  • 

•  •  •  • 

16. 3> 

1912 

MLP 

64.2 

•  •  •  • 

81.0 

•  • . « 

•  •  «  • 

20.0> 

1913 

None 

19.4 

29.2 

*  •  •  • 

33.8 

•  •  •  • 

•  •  •  • 

1913 

MLP 

32.0 

25.0 

•  •  •  • 

47.8 

•  •  •  • 

•  •  •  • 

1914 

None 

31.6 

•  •  •  • 

33.6 

•  •  •  • 

39  6 

.  •  •  • 

1914 

MLP 

39.4 

•  •  •  • 

58.2 

•  •  •  • 

60.4 

. '.  •  • 

1915 

None 

40.0 

49.0 

•  •  •  • 

•  •  •  • 

•  •  •  • 

24. 2» 

1915 

MLP 

66.0 

81.2 

•  •  •  ■ 

•  •  •  • 

•  •  •  • 

27.1» 

1916 

None 

11.2 

■  •  •  • 

37.5 

27.8 

•  •  •  • 

•  •  «  • 

1916 

MLP 

10.8 

•  •  •  • 

64.7 

40.6 

•  •  •  • 

•  •  •  • 

1917 

None 

40.0 

48.4 

•  •  •  • 

•  •  •  • 

68.4 

•  •  •  • 

1917 

MLP 

78.0 

81.4 

•  •  •  • 

•  •  «  • 

86.9 

•  •  •  • 

1918 

None 

13.6 

•  •  •  • 

27.2 

•  •  •  • 

•  •  •  • 

(2.88) 

1918 

MLP 

32.6 

•  •  «  • 

59.3 

•  •  •  • 

•  •  •  • 

(4.04) 

1919 

None 

24.0 

30.8 

«  •  •  • 

52.2 

•  •  •  « 

•  .  •  • 

1919 

MLP 

43.4 

66.2 

•  •  •   ■ 

70.8 

•  •  •  • 

•  •  •  • 

1920 

None 

28.2 

■  •  •  • 

37.2 

•  •  •  • 

52.2 

.  .  .  • 

1920 

MLP 

54.4 

•   •  •   • 

51.6 

•  •  •  • 

69.7 

.... 

1921 

None 

19.8 

30.6 

■   •  •  • 

•  •  •  • 

«   •  •  • 

(  .26)* 

1921 

MLP 

42.2 

68.4 

•   •  ■   • 

•  •  ■   • 

•  •  «   • 

(1.33)' 

^Soybeans. 

'In  addition  to  the  hay,  .64  bushel  of  seed  was  harvested. 
'In  addition  to  the  hay,  1.17  bushels  of  seed  were  harvested 
^In  addition  to  the  hay,  .53  bushel  of  seed  was  harvested. 
*In  addition  to  the  hay,  .85  bushel  of  seed  was  harvested. 
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Tabu  2.~URBANA  FIELD,  MORROW  PLOTS:    GnrsRAL  Summabt 
Arerage  Annual  Yieldfl — Bushels  or  (tons)  per  acre 


[Jmt, 


Ymm 

SoU 

treatment 

applied 

Com 
every 
year 

Two-year 

rotation 

Three  year  rotation 

Com 

Oats 

Com 

Oats 

CloTer 

Xooo 

to  1903 

None 

16  crop* 
39.7 

9  crop* 
41.0 

Bcrop* 
44.0 

4crop* 
48.0 

4crop* 
47.6 

4erop$ 
(2.03) 

1904 
to  1921 

None 

MLP 

18  crop* 
26.2 
41.2 

9  crop* 
386 
62  9 

9  crop* 
34.4 
55.2 

6  crop* 
51.4 
68.1 

6  crop* 
43.9 
58.3 

4crop$ 
(1.23)> 
(2  21)» 

'One  crop  of  soybean  hay. 

Summarizing  the  data  from  these  Morrow  plots  into  two  periods  with  the 
second  period  beginning  in  1904  when  the  treatment  began  on  the  half -plots, 
some  interesting  comparisons  may  be  made.  In  the  first  place  we  find  in  the 
continuous  com  plot  a  marked  decrease  in  the  second  period  in  the  average 
yield  of  com,  amounting  to  one-third  of  the  crop.  In  the  two-year  rotation 
there  is  a  decrease  in  both  com  and  oats  production,  while  the  averages  for  the 
three-year  syBtem  show  an  increase  in  com  yield  and  decreases  in  oats  and  clover. 
Unfortunately  the  numbers  of  crops  included  in  these  last  averages  are  too  small 
to  warrant  positive  conclusions. 

The  increase  brought  about  by  soil  treatment  stands  out  in  all  cases,  show- 
ing the  possibility  not  only  of  restoring  but  also  of  greatly  improving  the  pro- 
ductive power  of  this  land  that  has  been  so  abused  by  continuous  cropping 
without  fertilization. 

The  Davenport  Plots 

Another  set  of  plots  on  the  University  campus  at  Urbana,  forming  a  more 
extensive  series  than  the  Morrow  plots,  but  of  more  recent  origin,  are  the  Daven- 
port plots.  Here  each  crop  in  the  rotation  is  represented  every  year.  These 
plots  were  laid  out  in  1895,  but  special  soil  treatment  was  not  begun  until  1901. 
They  now  comprize  five  series  of  ten  plots  each,  and  each  series  constitutes  a 
' '  field "  in  a  crop  rotation  system. 

Prom  1901  to  1911  three  of  the  series  were  in  a  three-year  rotation  system 
of  com,  oats,  and  clover,  while  the  remaining  two  series  rotated  in  com  and  oats. 
In  1911  these  two  systems  were  combined  into  a  five-series  field,  vrith  a  crop 
rotation  of  wheat,  com,  oats,  and  clover,  with  alfalfa  on  a  fifth  field.  The  alfalfa 
occupies  one  series  during  a  rotation  of  the  other  four  crops,  shifting  to  another 
series  in  the  fifth  year,  thus  completing  the  cycle  of  all  series  in  twenty-five  years. 

The  soil  treatment  applied  to  these  plots  has  been  as  follows: 
Legume  cover  crops  were  seeded  in  the  com  at  the  last  cultivation  on  Plots 
2,  4,  6,  and  8,  from  1902  to  1907,  but  the  growth  was  small  and  the  effect,  if  any, 
was  to  decrease  the  returns  from  the  regular  crops.  Crop  residues  (R)  have  been 
returned  to  these  same  plots  since  1907.  These  consist  of  stalks  and  straw,  and 
all  legumes  except  alfalfa  hay  and  the  seed  of  clover  and  soybeans.  Beginning 
ill  1918  a  modification  of  the  practice  was  made  in  that  one  cutting  of  the  red 
clover  crop  is  harvested  as  hay.  In  conjunction  with  these  residues  a  catch  crop 
of  sweet  clover  grown  with  the  wheat  is  plowed  under. 
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Table  3.— URBANA  FIELD,  DAVENPORT  PLOTS:    Brown  Silt  Loam,  Prairib;  Early 

Wisconsin  Glaciation 

Ten-Year  Average  Annual  Yields — ^Bushels  or  (tons)  per  acre 

1911-1920 


Serial 
plot 
No. 


SoU 

treatment 

applied 


1 

0 

2 

R 

3 

M 

4 

RL 

5 

ML 

6 

RLP 

7 

MLP 

8 

RLPK 

9 

MLPK 

10 

Mx6LPx6 

Com 


55.6 


57.1 
66.3 
64.8 
69.6 


71.6 
73.0 
70.9 
70.2 


65.9 


Oats 


50.5 


52.3 
61.9 
55.6 
64.1 


69.8 
68.6 
72.5 
72.0 


71.4 


Wheat 


26.0 


28.7 
28.2 
31.4 
32.8 


43.0 
40.0 
40.7 
39.2 


40.6 


Clover 
5  crops 


(2.42) 


1.47» 
(2.56) 

1.61» 
(2.90) 


2.29> 
(3.52) 

1.79» 
(3.40) 


(3.31) 


Soybeans 
5  crops 


(1.47) 


19.8 
(1.62) 
20.3 
(1.67) 


23.5 
(1.97) 
25.5 
(2.20) 


(2.22) 


Alfalfa 


(2.43) 


(2.46) 
2.52) 
2.72) 
[3.03) 


(3.69) 
3.76 
3.77 
3.73 


(3.77) 


^In  addition  to  the  doyer  seed,  a  crop  of  hay  was  harvested  one  year  on  Plots  2,  4,  6,  and 
8,  yielding  2.38,  2.20,  2.54,  and  2.39  tons,  respectively. 

Manure  (M)  was  applied  preceding  com,  at  the  rate  of  2  tons  per  acre  per 
year  in  1905,  1906,  and  1907 ;  subsequently  as  many  tons  have  been  applied  as 
there  have  been  tons  of  air-dry  produce  harvested  from  the  respective  plots. 

Lime  (L)  was  applied  on  Plots  4  to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902,  and  600  pounds  of  limestone  in  1903.  No  further 
application  was  made  until  1911,  when  the  system  of  cropping  was  changed. 
Since  that  time  applications  of  limestone  have  been  made  at  the  rate  of  one-half 
ton  per  acre  per  year. 

Phosphorus  (P)  was  applied  on  Plots  6  to  9  at  the  rate  of  25  pounds 
per  acre  per  annum  in  200  pounds  of  steamed  bone  meal;  but  beginning  with 
1908  rock  phosphate  at  the  rate  of  600  pounds  per  acre  per  annum  was  substi- 
tuted for  the  bone  meal  on  one-half  of  each  of  these  plots.  These  applica- 
tions continued  until  1918  when  adjustments  were  begun,  first  to  nlake  the  rate 
of  application  of  rock  phosphate  four  times  that  of  the  bone  meal,  and  finally  to 
reduce  the  amounts  of  these  materials  to  200  pounds  of  rock  phosphate  and  50 
pounds  of  bone  meal  per  acre  per  annum.  The  usual  practice  has  been  to  apply 
and  plow  under  at  one  time  all  phosphorus  and  potassium  required  for  the 
rotation. 

Potassium  (K  =  kalium)  has  been  applied  on  Plots  8  and  9  in  connection 
with  the  bone  meal  and  rock  phosphate,  at  the  yearly  rate  of  42  pounds  per 
acre,  and  mainly  as  potassium  sulfate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  "extra  heavy"  treatment  was  not  begun  until 
1906,  only  the  usual  amounts  of  lime,  phosphorus,  and  potassium  having  been 
applied  in  previous  years.  The  purpose  in  making  these  heavy  applications  is 
to  try  to  determine  the  climatic  possibilities  in  crop  yields  by  removing  the 
limitations  of  inadequate  amounts  of  the  elements  of  plant  food. 

It  will  be  observed  that  the  applications  described  above  provide  for  the 
two  rather  distinct  systems  of  farming  already  described.  The  grain  system, 
in  which  animal  manure  is  not  produced  and  where  the  organic  matter  is  pro- 
vided by  the  direct  return  to  the  soil  of  all  crop  residues  along  with  legumes, 
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is  impossible  to  prescribe  a  fixed  practice  in  their  renewal  that  will  apply 
universally.  The  tests  described  on  pages  35  and  36,  together  with  the  behavior 
of  such  lime-loving  legumes  as  alfalfa  and  sweet  clover,  will  serve  as  general  indi- 
cators for  the  frequency  of  applying  limestone  and  the  amount  to  use  on  a 
given  field. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  4  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an  acre. 
Thus  limestone  has  a  positive  value  on  some  soils  for  the  plant  food  which  it 
supplies,  in  addition  to  its  value  in  correcting  soil  acidity  and  in  improving 
the  physical  condition  of  the  soil.  Ordinary  limestone  (abundant  in  the  south- 
ern and  western  parts  of  the  state)  contains  nearly  800  pounds  of  calcium  per 
ton;  while  a  good  grade  of  dolomitic  limestone  (the  more  common  limestone  of 
northern  Illinois)  contains  about  400  pounds  of  calcium  and  300  pounds  of 
magnesium  per  ton.  Both  of  these  elements  are  furnished  in  readily  available 
form  in  ground  dolomitic  limestone. 

The  Sulfur  Question 

In  considering  the  relation  of  sulfur  in  a  i)ermanent  system  of  soil  fertility 
it  is  important  to  understand  something  of  the  cycle  of  transformations  that  this 
element  undergoes  in  nature.    Briefly  stated  this  is  as  follows : 

Sulfur  exists  in  the  soil  in  both  organic  and  inorganic  forms,  the  former 
being  gradually  converted  to  the  latter  form  thru  bacterial  action.  In  this 
inorganic  form  sulfur  is  taken  up  by  plants  which  in  their  physiological  pro- 
cesses change  it  once  more  into  an  organic  form  as  a  constituent  of  protein. 
When  these  plant  proteins  are  consumed  by  animals,  the  sulfur  becomes  a  part 
of  the  animal  protein.  When  these  plant  and  animal  proteins  are  decomposed, 
either  thru  bacterial  action,  or  thru  combustion,  as  in  the  burning  of  coal,  the 
sulfur  passes  into  the  atmosphere  or  into  the  soil  solution  in  the  form  of  sulfur 
dioxid  gas.  This  gas  unites  with  oxygen  and  water  to  form  sulfuric  acid,  which 
is  readily  washed  back  into  the  soil  by  the  rain,  thus  completing  the  cycle,  from 
soil — ^to  plants  and  animals — ^to  air — to  soil. 

In  this  way  sulfur  becomes  largely  a  self-renewing  element  of  the  soil,  altho 
there  is  a  considerable  loss  from  the  soil  by  leaching.  Observations  taken  at  the 
Illinois  Agricultural  Experiment  Station  show  that  40  pounds  of  sulfur  per 
acre  are  brought  into  the  soil  thru  the  annual  rainfall.  With  a  fair  stock  of 
suKur,  such  as  exists  in  our  common  types  of  soil,  and  with  an  annual  return, 
which  of  itself  would  more  than  suffice  for  the  needs  of  maximum  crops,  the 
maintenance  of  an  adequate  sulfur  supply  presents  little  reason  at  present  for 
serious  concern.  There  are  regions,  however,  where  the  natural  stock  of  sulfur 
in  the  soil  is  not  nearly  so  high  and  where  the  amount  returned  thru  rainfall  is 
small.  Under  such  circumstances  sulfur  soon  becomes  a  limiting  element  of 
crop  production,  and  it  will  be  necessary  sooner  or  later  to  introduce  this  sub- 
stance from  some  outside  source.  Investigation  is  now  under  way  to  determine 
to  what  extent  this  situation  may  apply  to  conditions  in  Illinois. 
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Ph3r8ical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proi)er  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Organic  matter  in  producing  good  tilth  helps  to  control  washing 
of  soil  on  rolling  land,  raises  the  temperature  of  drained  soil,  increases  the 
moisture-holding  capacity  of  the  soil,  retards  capillary  rise  and  consequently 
loss  of  moisture  by  surface  evaporation,  and  helps  to  overcome  the  tendency  of 
some  soils  to  run  together  badly. 

The  physical  effect  of  organic  matter  is  to  produce  a  granulation  or  mellow- 
ness, by  cementing  the  fine  soil  particles  into  crumbs  or  grains  about  as  large 
as  grains  of  sand,  which  produces  a  condition  very  favorable  for  tillage,  percola- 
tion of  rainfall,  and  the  development  of  plant  roots. 

Organic  matter  is  being  destroyed  during  a  large  part  of  the  year  and  the 

* 

nitrates  produced  in  its  decomposition  are  used  for  plant  growth.  Altho  this 
decomposition  is  necessary,  it  nevertheless  reduces  the  amount  of  organic  matter, 
and  provision  must  therefore  be  made  for  maintaining  the  supply.  The  practical 
way  to  do  this  is  to  turn  under  the  farm  manure,  straw,  com  stalks,  weeds,  and 
ail  or  part  of  the  legumes  produced  on  the  farm.  The  amount  of  legumes  needed 
depends  upon  the  character  of  the  soil.  There  are  farms,  especially  grain  farms, 
in  nearly  every  community  where  all  legumes  could  be  turned  under  for  several 
years  to  good  advantage. 

Manure  should  be  spread  upon  the  land  as  soon  as  possible  after  it  is  pro- 
duced, for  if  it  is  allowed  to  lie  in  the  barnyard  several  months  as  is  so  often 
the  case,  from  one-third  to  two-thirds  of  the  organic  matter  will  be  lost. 

Straw  and  com  stalks  should  be  turned  under,  and  not  burned.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
com  stalks.  It  is  true,  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  is  exactly  what  is  needed  in  the  production  of  good  tilth. 
Furthermore,  the  nitrogen  in  a  ton  of  com  stalks  is  one  and  one-half  times  that 
of  a  ton  of  manure,  and  a  ton  of  dry  corn  stalks  incorporated  in  the  soil  will 
ultimately  furnish  as  much  humus  as  four  tons  of  average  farm  manure.  When 
burned,  however,  both  the  humus-making  material  and  the  nitrogen  are  lost  to 
the  soil 

It  is  a  common  practice  in  the  com  belt  to  pasture  the  com  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  by  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a  result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  planted.  Whether  the  crop  is  com  or  oats,  it  necessarily 
suffers,  and  if  the  season  is  dry,  much  damage  may  be  done.  If  the  field  is  put 
in  com,  a  poor  stand  is  likely  to  result,  and  if  put  in  oats,  the  soil  is  so  com- 
pact as  to  be  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked  when 
too  wet.  This  also  produces  a  partial  puddling  which  is  unfavorable  to  physical, 
chemical,  and  biological  processes.  The  effect  becomes  worse  if  cropping  has 
reduced  the  organic  matter  below  the  amount  necessary  to  maintain  good  tilth. 
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Systems  of  Crop  Rotations 

In  a  program  of  permanent  soil  improvement  one  should  adopt  at  the  outset 
a  good  rotation  of  crops,  including  a  liberal  use  of  legumes,  in  order  to  increase 
the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops  and 
other  crop  residues  (straw  and  com  stalks),  or  by  using  for  feed  and  bedding 
practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with  the 
least  possible  loss.  No  one  can  say  in  advance  for  every  particular  case  what  will 
prove  to  be  the  best  rotation  of  crops,  because  of  variation  in  farms  and  fanners 
and  in  prices  for  produce. 

Following  are  a  few  suggested  rotations,  applicable  to  the  com  belt,  which 
may  serve  as  models  or  outlines  to  be  modified  according  to  special  circumstances. 


Six-Tear  BotaUons 

FWit  year     — Cora 

Second  year — Cora 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grasf) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    — ^Wbeat  (with  clover),  or  gnuM  and  clover 

Siacth  year    — Clover,  or  clover  and  grass 


Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
unsalable  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  or  returned  after  threshing  out  the  seed  (only  the  clover 
seed  being  sold  the  fourth  and  sixth  years) ;  or,  in  live-stock  farming,  the  field 
may  be  used  three  years  for  timothy  and  clover  pasture  and  meadow  if  desired. 
The  system  may  be  reduced  to  a  five-year  rotation  by  cutting  out  either  the 
second  or  the  sixth  year,  and  to  a  four-year  system  by  omitting  the  fifth  and 
sixth  years,  as  indicated  below. 

Five-Year  Botations 
First  year     ■»— Corn 

Second  year — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 
Third  year    — Clover,  or  clover  and  grass 
Fourth  year  — ^Wheat  (with  clover),  or  clover  and  grass 
Fifth  year    — Clover,  or  clover  and  grass 

First  year    — Cora 

Second  year — Cora 

Third  year    — ^Wheat  or  oats  (with  clover,  or  clover  and  grass) 

Fourth  year  — Clover,  or  clover  and  grass 

Fifth  year    —Wheat  (with  clover) 

First  year     — Corn 

Second  year — Cowpeas  or  soybeans 

Third  year    —Wheat  (with  clover) 

Fowrth  year  — Clover 

Fifth  year    — Wheat  (with  clover) 

The  last  rotation  mentioned  above  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a  sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 
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Four-Year  Botatioxm 

Fint  y§ar     — ^Wheat  (with  clover)  FWtt  year     — Com 

Second  year — Com  Second  year — Com 

TTiird  year    — Oats  (with  clover)  Third  year    — ^Wheat  or  oats  (with  clover) 

Fourth  year  — Clover  Fourth  year  — Clover 

First  year     — Com  First  year     — ^Wheat  (with  clover) 

Seeond  year  — ^Wheat  or  oats  (with  clover)  Second  year  — Glover 

Third  year   — Clover  Third  year    — Com 

Fourth  year — ^Wheat  (with  clover)  Fourth  year — Oats  (with  clover) 

First  year     — Com 
Second  year — Cowpeas  or  soybeans 
Third  year    — ^Wheat  (with  clover) 
Fourth  year  — Clover 

Alfalfa  may  be  grown  on  a  fifth  field  for  four  or  eight  years,  which  is  to 
be  alternated  with  one  of  the  four;  or  the  alfalfa  may  be  moved  every  five  years, 
and  thus  rotated  over  all  five  fields  every  twenty-five  years. 

Three-Year  Botations 

First  year     — Com  First  year     — ^Wheat  (with  clover) 

Second  year  — Oats  or  wheat  (with  clover)       Second  year  — Com 

TTwrd  year   — Clover  Third  year   — Cowpeas  or  soybeans 

By  allowing  the  clover,  in  the  last  rotation  mentioned,  to  grow  in  the  spring 

before  preparing  the  land  for  com,  we  have  provided  a  system  in  which  legumes 

grow  on  every  acre  every  year.    This  is  likewise  true  of  the  following  suggested 

two-year  system: 

Two- Year  Botations 

First  year    — Oats  or  wheat  (with  sweet  clover) 
Second  year  — Com 

Altho  in  this  two-year  rotation  either  oats  or  wheat  is  suggested,  as  a  matter 
of  faety  by  dividing  the  land  devoted  to  small  grain,  both  of  these  crops  can  be 
grown  simultaneously,  thus  providing  a  three-crop  system  in  a  two-year  cycle. 

It  should  be  understood  .that  in  all  of  the  above  suggested  cropping  systems 
it  may  be  desirable  in  some  cases  to  substitute  rye  for  the  wheat  or  oats.  In  all 
of  these  proposed  rotations  the  word  clover  is  used  in  a  general  sense  to  designate 
either  red  clover,  alsike  clover,  or  sweet  clover.  The  value  of  sweet  clover 
especially  as  a  green  manure  for  building  up  depleted  soils,  as  well  as  a  pasture 
and  hay-crop,  is  becoming  thoroly  established,  and  its  importance  in  a  crop- 
rotation  program  may  well  be  emphasized. 


SUPPLEMENT:  EXPERIMENT  FIELD  DATA 

(Results  from  Experiment  Fields  Representing  the  More  Important  Types  of 

Sod  Occurring  in  Livingston  County) 

In  the  earlier  reports  of  this  series  it  was  the  practice  to  incorporate  in  the 
body  of  the  report  the  results  of  certain  experiment  fields,  for  the  purpose  of 
illustrating  the  possibilities  of  improving  the  soil  of  various  types.  The  in- 
formation carried  by  such  data  must,  naturally,  be  considered  more  or  less 
tentative.  As  the  fields  grow  older  new  facts  develop,  which  in  some  instances 
may  call  for  the  modification  of » former  recommendations.  It  has  therefore 
seemed  desirable  to  separate  this  experiment  field  data  from  the  more  x>ermanent 
information  of  the  soil  survey,  and  embody  the  same  in  the  form  of  a  supple- 
ment to  the  soil  report  proper,  thus  providing  a  convenient  arrangement  for 
possible  future  revisions  as  further  data  accumulate. 

The  University  of  Illinois  has  conducted  altogether  about  fifty  soil  experi- 
ment fields  in  different  sections  of  the  state  and  on  various  types  of  soiL  Altho 
some  of  these  fields  have  been  discontinued,  the  large  majority  are  still  in 
operation.  It  is  the  present  purpose  to  report  the  summarized  results  from  cer- 
tain of  these  fields  which  are  representative  of  the  types  of  soil  described  in  the 
accompanying  soil  report. 

A  few  general  explanations  at  this  point,  which  apply  to  aU  the  fields,  will 
relieve  the  necessity  of  numerous  repetitions  in  the  following  pages. 


and  Arrangement 

These  fields  vary  in  size  from  less  than  two  acres  up  to  40  acres  or  more. 
They  are  laid  off  into  series  of  plots,  the  plots  commonly  being  either  one-fifth  or 
one-tenth  acre  in  area.  Each  series  is  occupied  by  one  kind  of  crop.  Usually 
there  are  several  series  so  that  a  crop  rotation  can  be  carried  on  with  every  crop 
represented  every  year. 

Panning  Systems 

On  many  of  the  fields  the  treatment  provides  for  two  distinct  systems  of 
farming,  live-stock  farming  and  grain  farming. 

In  tJie  live-stock  system,  stable  manure  is  used  to  furnish  organic  matter 
and  nitrogen.  The  amount  applied  to  a  plot  is  based  upon  the  amount  that  can 
be  produced  from  crops  raised  on  that  plot. 

In  the  grain  system  no  animal  manure  is  used.    The  organic  matter  and 

nitrogen  are  applied  in  form  of  plant  manures,  including  all  the  plant  residues 

produced,  such  as  com  stalks,  straw  from  wheat,  oats,  clover,  etc.,  along  with 

leguminous  catch  crops  plowed  under.    It  is  the  plan  in  this  latter  system  to 

remove  from  the  land,  in  the  main,  only  the  grain  and  seed  produced,  except  in 

the  case  of  alfalfa,  that  crop  being  harvested  for  hay  the  same  as  in  the  live-stock 

system. 

Crop  Rotations 

Crops  which  are  of  interest  in  the  respective  localities  are  grown  in  d^nite 
rotations,  and  on  most  of  the  fields  provision  is  made  so  that  every  crop  in  the 
rotation  is  represented  every  year.  The  most  common  rotation  used  is  wheats 
com,  oats,  and  clover ;  and  often  these  crops  are  accompanied  by  alfalfa  growing 
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on  a  fifth  series.  In  the  grain  system  &  legume  catch  crop,  nsttally  sveet  clover, 
is  included,  which  is  seeded  on  the  yotmg  wheat  in  the  spring  and  plowed  under 
in  the  fall  or  in  the  following  spring  in  preparation  for  com.  If  the  red  dover 
crop  fails,  soybeana  are  substituted. 

Soil  Treatment 

The  treatment  applied  to  the  plots  has,  for  the  most  part,  been  standard- 
ized according  to  a  rather  definite  system,  altho  deviations  from  this  ^^em 
occur  now  and  then,  particularly  in  the  older  fields. 

Following  is  a  brief  explanation  of  this  standard  system  of  treatment. 

ATwmal  Manures. — ^Animal  manures,  consisting  of  excreta  from  animals, 
with  stable  litter,  are  spread  npon  the  respective  plots  in  amoonts  proportionate 
to  previous  crop  yields,  the  applications  being  made  in  the  preparation  for  com. 

Plant  Manuna. — Crop  residues  produced  on  the  land,  such  as  stalks, 
straw,  and  chafE,  are  returned  to  the  soil,  and  in  addition  a  green-manure  crop 
of  sweet  clover  is  seeded  in  small  grains  to  be  plowed  onder  in  preparation  for 
com.  (On  plots  where  limestone  is  lacking  the  sweet  clover  seldom  survives.) 
This  practice  is  designated  as  the  retidues  $ystem. 

MtTurdl  Manuret. — The  yearly  acre-rates  of  application  have  been:  for 
limestone,  1,000  pounds ;  for  raw  rock  phosphate,  500  pounds ;  and  for  potas- 
dnm,  the  equivalent  of  200  pounds  of  kainit  The  initial  application  of  lime- 
stone has  usually  been  4  tons  per  acre. 

Explanation  of  Symbols  Used 

0    =  Untreated  land  or  check  plots 

M  c=  Manure  (animal) 

B    =:  Residues  (from  crops,  and  includes  legumes  used  as  green  manure) 

L   =  Limestone 

P   =  Phoaphoms 

K  ^  Potassium  (usually  in  the  form  of  kainit) 

I^  =  Nitrogen  (usually  in  the  form  contained  in  dried  blood) 

(.,)^=  Parentheses  enclosing  figures  signify  tons  of  hay,  as  distinguished  from 
bushels  of  seed  .  ^  "• 

In  ^iseussions  of  this  sort  of  data,  financial  promts  or  Ioe 
assigned  market  values  are  frequently  considered.*'  However, 
erratic  fluctuations  in  market  values — especially  in  the  i>ast  few 
futile  to  attempt  to  set  any  prices  for  this  purpose  that  are  at 
The  yields  are  therefore  presented  with  the  thought  that  with 
hand  the  financial  returns  from  a  given  practice  can  readily  be 
the  basis  of  any  set  of  market  values  that  the  reader  may  choost 

BROWH  SILT  LOAM 
Several  experiment  fields  have  been  conducted  on  brown  silt  loam  soil  at 
various  locations  in  Illinois.    Those  located  at  the  University  have  been  in  oper- 
ation the  longest  and  they  serve  well  to  illustrate  the  principles  involved  in  the 
maintenance  and  improvement  of  this  type  of  soil. 
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